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IMPORTANT SAFETY NOTICE 


Appropriate service methods and proper repair procedures are essential for the safe, reliable operation of all motor vehicles, 
as well as the personal safety of the individual doing the work. This manual provides general directions for accomplishing 
service and repair work with tested, effective techniques. Following them will help assure reliability. 


There are numerous variations in procedures, techniques, tools, and parts for servicing vehicles, as well as in the skill of 
the individual doing the work. This manual cannot possibly anticipate all such variations and provide advice or cautions as 
to each. Accordingly, anyone who departs from instructions provided in this manual must first establish that he compromises 
neither his personal safety nor the vehicle integrity by his choice of methods, tools or parts. 


As you read through the procedures, you will come across NOTES, CAUTIONS, AND WARNINGS. Each one is there for a 
specific purpose. NOTES give you added information that will help you to complete a particular procedure. CAUTIONS are 
given to prevent you from making an error that could damage the vehicle. WARNINGS remind you to be especially careful 
in those areas where carelessness can cause personal injury. The following list contains some general WARNINGS that you 
should follow when you work on a vehicle. 


Always wear safety glasses for eye protection. To prevent serious burns, avoid contact with hot metal parts 
such as the radiator, exhaust manifold, tail pipe, catalytic 


Use safety stands whenever a procedure requires you to converter and muffler. 


be under the vehicle. 


Be sure that the ignition switch is always in the OFF posi- 


tion, unless otherwise required by the procedure. Do not smoke while working on the vehicle. 


Set the parking brake when working on the vehicle. If you 
have an automatic transmission, set it in PARK unless in- 
structed otherwise for a specific service operation. If you 
have a manual transmission, it should be in REVERSE 
(engine OFF) or NEUTRAL (engine ON) unless instructed 
otherwise for a specific service operation. 


Operate the engine only in a well-ventilated area to avoid 
the danger of carbon monoxide. 


Keep yourself and your clothing away from moving parts 
when the engine is running, especially the fan and belts. 


To avoid injury, always remove rings, watches, loose hang- 
ing jewelry, and loose clothing before beginning to work 
on a vehicle. Tie long hair securely behind your head. 


Keep hands and other objects clear of the radiator fan 
blades. Electric cooling fans can start to operate at any 
time by an increase in underhood temperatures, even 
though the ignition is in the OFF position. Therefore, care 
should be taken to ensure that the electric cooling fan is 
completely disconnected when working under the hood. 


The recommendations and suggestions contained in this manual are made to assist the dealer in improving his dealership parts 
and/or service department operations. These recommendations and suggestions do not supersede or override the provisions of 
the Warranty and Policy Manual or the Shop Manual and in any cases where there may be a conflict, the provisions of the Warranty 
and Policy Manual or the Shop Manual shall govern. 


The descriptions, testing procedures, and specifications in this handbook were in effect at the time the handbook was approved 
for printing. Ford Motor Company reserves the right to discontinue models at any time, or change specifications, design, or 
testing procedures without notice and without incurring obligation. Any reference to brand names in this manual is intended 


merely as an example of the types of tools, lubricants, materials, etc. recommended for use. Equivalents, if available, may 
be used. The right is reserved to make changes at any time without notice. 


WARNING: Many brake linings contain asbestos fibers. When working on brake components, avoid breathing the dust. Breathing 
the asbestos dust can cause asbestosis and cancer. 


Breathing asbestos dust is harmful to your health. 


Dust and dirt present on car wheel brake and clutch assemblies may contain asbestos fibers that are hazardous to your health 
when made airborne by cleaning with compressed air or by dry brushing. 


Wheel brake assemblies and clutch facings should be cleaned using a vacuum cleaner recommended for use with asbestos fibers. 
Dust and dirt should be disposed of in a manner that prevents dust exposure, such as sealed bags. The bag must be labelled 
per OSHA instructions and the trash hauler notified as to the contents of the bag. 


If a vacuum bag suitable for asbestos is not available, cleaning should be done wet. If dust generation is still possible, technicians 
should wear government approved toxic dust purifying respirators. 


OSHA requires areas where asbestos dust generation is possible to be isolated and posted with warning signs. Only technicians 
concerned with performing brake or clutch service should be present in the area. 


Produced and Coordinated by © 
Joseph С. Barney, Jr. 

Technical Training 
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Copyright © 1988 Ford Motor Company 
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DAY ONE 


INTRODUCTION 


This reference manual has been developed to 
supply you with information needed when taking 
the “Gasoline Engine Operation" ТТ class. It 
is designed to follow the classroom instruction 
page-for page, and includes information on: 


* History of gasoline engine development 
* Gasoline engine design 

* Lubrication systems 

* Cooling systems 

* Fuel delivery systems 

* Carburetion 

* Fuel injection systems 

* Air inlet systems 

* Turbochargers 

* Superchargers 

* Ignition Systems 

* Positive crankcase ventilation 

* Exhaust gas recirculation 

* Catalytic converters 

* Thermactor secondary air systems 


Also included in this manual are worksheets to 
be completed. 


Information on subject matter taught in class, but 
not included in this reference manual, will be 
found in Volume H. 


TECHNICAL TRAINING CURRICULUM 


This course is a part of the Ford Service 
Technician Specialty Training (STST) curriculum. 
All STST curriculum courses are designed for 
specific technician specialty areas. The courses are 
designed for technicians with basic 
understandings of their expressed specialties. A 
technician may be required to attend one or more 
STST course, depending upon his or her specialty. 


A technician must complete all mandatory pre- 
requisite courses and pass a qualifying pretest to 
be eligible to attend any STST course. 


HOW TO USE THIS REFERENCE BOOK 


This book contains all of the information that is 
presented in the course. It also includes 
worksheets and exercises that will help you learn 
this material. Your instructor will assign portions 
of this book as homework during the course. Be 
sure to complete all assignments given to you. 
After you have completed the course, keep this 
book for future reference. 


HISTORY 


HISTORY OF GASOLINE ENGINE 
DEVELOPMENT 


Human beings have always looked for ways and 
devices which could help them work faster with 
less effort. Time and effort saving devices have 
been sought ever since humans discovered that 
they would have to work in order to eat, sleep 
(without getting cold or wet), and indeed, in order 
to live. 


An engine is one of these labor efficient devices. 
Engines produce power which enables us to work 
or move faster with less effort. In order to produce 
power, engines require some sort of fuel, which it 
then converts into energy or power. 


The Atmospheric Engine 


An early work-producing engine was the 
atmospheric engine (Figure 1), an early type of 
steam engine. This engine produced a limited 
amount of work; it was used only to pump water. 
Developed in the late 1600's by the inventor of 
the pressure cooker, the atmospheric engine used 
fuel to create steam. This fuel was burned 
outside the working cylinder. The steam was 
admitted into a container where it was cooled with 
cold water. The cold water forced the steam to 
condense back to water, greatly reduced in 
volume. The reduction in volume caused a partial 
vacuum in the container. The difference in 
pressure between the vacuum and the natural 
atmospheric pressure of the outside air was used 
to do work, in this case, to pump water. 


Figure 1. Atmospheric Engine 
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The Steam Engine 


The principles of the atmospheric engine led to 
development of the steam engine (Figure 2). The 
steam engine is a more advanced engine, 
consisting of many of the same components found 
in the internal combustion engine. Like the 
atmospheric engine, however, the steam engine is 
fueled by a burning process that occurs outside 
the working cylinder. 


The steam engine can be powered by any 
combustible fuel, but the most common are wood, 
coal, or petroleum products. The burning fuel 
creates an unharnessed energy, which is used to 
heat liquid, most often water. The water expands 
as it vaporizes in a confined area (the cylinder) and 


is then used to push the piston. In the late 1700's, 
the developer of the steam engine began 
developing piston rings which would help prevent 
energy (steam) from escaping past the piston. 


The steam engine was a dominant force in 
industry and transportation for 150 years. In the 
automobiles early days, Stanley Company 
developed a steam-powered auto which sold over 
60,000 units. This was not the most practical way 
to power an automobile, however, as the engine 
needed fuel to create heat, and water to create 
steam before it could produce power. In time, as 
you know, the steam engine was replaced entirely 
by the internal combustion engine. 


Figure 2. Steam Engine 


As the name implies, unlike the atmospheric or 
steam engines, the internal combustion engine 
(Figure 3) burns its fuel inside the working 
cylinder; specifically, the combustion chamber. 
The combustion, or burning of fuel, is a very 
sudden detonation which forces the piston 
downward. 


Science and engineering advances made in the 
1700’s and 1800’s led to the development of 
improved petroleum refining capabilities, 
precision-made parts, production and energy 
retaining piston rings, and packings development. 
It is important to note that all engines operated 
on a two-stroke cycle. It wasn’t until 1862 that 
a man named Alphonse Beau DeRochas 
published his theory of a four-stroke engine. 
Although he never built an engine, DeRochas 
understood that a fuel mixture could be 
compressed in order to increase its temperature 
and improve its scavenging efficiency. (Scavenging 
is the intake of the fuel mixture and the 
exhausting of the burned gasses.) 


ее бит ої Otto апа Langen began 
building what they calle e “Otto Silent 
Engine.’ ee 
combustion engine. It was a four stroké cycle 
design that compressed the air/fuel mixture before 
combustion. It transmitted the power of a free- 
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moving piston to a shaft and heavy flywheel by. 
means of a rack and gear device. The unit used 
a freewheeling clutch in the gear so it could turn 
freely in one direction and transmit power in the 
other. This engine was an inspiration to Henry 
Ford during his early research. 


Henry Ford began experimenting with internal 
combustion engines around 1890. He continued 
to experiment and develop internal combustion 
engines until his death in 1947. He held many 
patents on the production and manufacturing of 
internal combustion engines and components. In 
1935, he received a patent for a four-cylinder, gear 
driven, overhead cam engine. This is a highly 
regarded engine even today, yet it was conceived 
by Henry Ford in the 1930's. 


Although many modern ideas seem to be new, 
most design and development of the internal 
combustion engine took place in its early years. 
Advancements in materials and machining have 
made many old ideas practical and usable in 
today's modern engines. 


Gasoline engines found in current automobiles are 
usually four stroke cycle engines. They are 
internal-combustion, spark-ignition engines. They 
are heat engines that deliver power by momentary 
combustions of fuel in one or more working 
cylinders. Ignition of the fuel mixture is controlled 
by a timed external ignition source. 


FLYWHEEEL 


Figure 3. Internal Combustion Engine 
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FOUR STROKE CYCLE 


PRINCIPLES OF THE FOUR STROKE 
CYCLE THEORY 


The four stroke cycle engine received its name 
because the piston has to travel the distance of 
the cylinder (stroke) four times to complete one 
cycle of the engine. During this time the 
crankshaft makes two complete revolutions, but 
only one half of one revolution is power producing; 
the other three half-revolutions are power 
consuming. The four strokes that make up one 
cycle are: intake, compression, power, and exhaust. 
These events must occur in this order for the 
engine to function. However some functions of 
each stroke can overlap one another and occur at 
the same time during engine operation. The 
strokes will be discussed as a period of 180 degrees 
of crankshaft rotation; however, this is not truly 
representative of actual engine operation. This will 
be discussed further indepth under each heading. 


The Intake Stroke 


The first stroke in the four stroke cycle is the 
intake stroke (Figure 4). As the events begin in 
this stroke, the piston is at (TDC) top dead center 
or the top of the cylinder. The intake valve is 
partially open because it starts to open during the 
final stages of the last exhaust stroke. This is 
needed because of the time (in degrees of rotation) 
required to open the intake valve. The piston 
starts at the top of the cylinder, (TDC) top dead 
center, and moves down the cylinder, creating a 
larger area above the piston. This expanding area 
causes a pressure less than atmospheric pressure 
or a partial vacuum (atmospheric pressure is 
approximately 15 pounds per square inch at sea 
level). With the intake valve opening during this 


stroke, the air/fuel mixture is forced past the open 
intake valve and into the cylinder by atmospheric 
pressure. When the piston reaches the bottom of 
its travel, (BDC) bottom dead center, the volume 
of the cylinder is no longer increasing and the 
pressure differences are nearly equal. When this 
happens, the flow of the air/fuel mixture into the 
cylinder is almost stopped. Some air/fuel mixture 
will continue to enter the cylinder until the intake 
valve is fully closed. 


Figure 4. Intake Stroke 


FOUR STROKE CYCLE 


The Compression Stroke 


The next stroke according to order is the 
compression stroke (Figure 5). This stroke begins 
with the piston at the bottom of the cylinder 
(BDC) and beginning to move upward in the 
cylinder; the intake valve closes forming an 
enclosed area. This area is being continually 
reduced by the upward travel of the piston. As the 
area is made smaller a greater pressure is formed 
inside the cylinder. Remember that we started 
with 15 pounds of pressure exerted on the air/fuel 
mixture by the atmosphere. The cylinder pressure 
continues to rise until the piston reaches the top 
of the cylinder, where the air/fuel mixture has been 
compressed to its maximum compression point 
or the compression ratio of the engine. The 
compression ratio of an engine is fixed by design. 
If an engine has a compression ratio of 8 to 1, the 
air/fuel mixture would be compressed 8 times. 
Example: 8 x 15 psi = 120 psi (15 psi is 
atmospheric pressure or initial cylinder pressure 
before compression). Therefore our example engine 
would develop a cylinder pressure of about 120 
psi during the compression stroke. 


Figure 5. Compression Stroke 


The Power Stroke 


The third stroke in our engine is the power stroke 
(Figure 6). This is the only stroke during the four 
stroke. cycle where power is generated in the 
engine, or when internal combustion takes place. 
The compressed air/fuel mixture is ignited to start 
the power stroke. An electrical power surge in 
excess of 20,000 volts from the coil is directed to 
the spark plug. There a spark is formed across the 
spark plug electrodes or spark plug gap, igniting 
the air/fuel mixture. The rapidly burning air/fuel 
mixture forces the piston rapidly down the 
cylinder by exerting a large pressure on the top 
of the piston. This force is caused by the 
expanding gases of combustion. The force is then 
transferred to the crankshaft where engine power 
is utilized by the vehicle. 
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Figure 6. Power Stroke 
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The Exhaust Stroke 


The final stroke in the process is the exhaust 
stroke (Figure 7). During the exhaust stroke 
several other engine operations are taking place. 
Initially the exhaust stroke starts before the 
piston reaches the bottom of the cylinder during 
the downward motion of the power stroke. This 
happens because the exhaust valve is opened 
while the piston is still traveling toward BDC 
because the expanding gases of combustion have 
ceased to transfer power to the piston crown. With 
the exhaust valve open, the pressure in the 
cylinder is released out the exhaust port. The 
remaining gases are then pushed out of the 
cylinder by the piston traveling up the bore. To 
help in clearing the cylinder of burned gases and 
aid in filling the cylinder for the next cycle, the 
intake valve starts to open during the final stages 
of the exhaust stroke. This allows the fresh air/fuel 
mixture to help push out the burned gases for 
increased engine efficiency. 


This completes all of the four strokes necessary 
for one cycle of the four stroke cycle engine. 
During this time the crankshaft has made two 
complete revolutions and the piston has traveled 
from TDC to BDC and back four times or strokes 
to complete one cycle of the engine, hence the four 
stroke cycle name. 


Figure 7. Exhaust Stroke 


FOUR STROKE CYCLE 


Compression Ratio 


The compression ratio (Figure 8) of an engine is 
the ratio or difference in cylinder volume with the 
piston at BDC compared to the cylinder volume 
with the piston at TDC. Another way of viewing 
the compression ratio is to see how many times 
the air/fuel mixture is compressed by the piston 
from BDC to TDC. The compression ratio of an 
engine is important to both engine performance 
and fuel mileage. An increase of 1.0 point in the 
compression ratio will increase the mileage of the 
average vehicle by about 1 mile per gallon. A 
vehicle that has a high compression engine can 
develop horsepower and torque equal to a larger 
engine with lower compression ratios. This means 
that a small displacement engine can be placed 
in a vehicle and perform equal to the large, low 
compression engine. This leads to increased 
mileage again, because a smaller engine weighs 
less. With the smaller engine, all components can 
be downsized. This brings us to today’s lighter 
vehicles. As an added benefit, lighter vehicles 
perform better and respond faster to driver input. 
Unfortunately there is a limit to how far we can 
increase the compression ratio of an engine. If we 
bypass this limit, the engine will ignite the air/fuel 
mixture before it should. This is also known as 
spark knock or detonation. Either of these are 
detrimental to engine life. With current engine 
designs a compression ratio of 10:1 or greater is 
possible on regular unleaded fuels. To compute the 


compression ratio of an engine, start by taking 
the volume of the cylinder with the piston at BDC. 
(big V) and adding the volume of the combustion 
chamber (piston at TDC plus head volume equals 
(small V). This total must be divided by the 
combustion chamber volume (small V). The 
results of this equation tell you how many times 

the air/fuel mixture has been compressed. 


VOLUME BEFORE VOLUME AFTER 
COMPRESSION: 480 СС COMPRESSION: 60 CC 
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Figure 8. Compression Ratio 
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FOUR STROKE CYCLE 


^^ Valve Overlap 


The term “valve overlap” (Figure 9) refers to when 
both the intake and exhaust valve are open at the 
same time. At no time do the valves physically 
contact each other. Valve overlap occurs near TDC 
on the exhaust stroke. The intake valve begins to 
open as the exhaust valve is closing. When both 
valves are open (valve overlap) the fresh air/fuel 
mixture will help displace leftover combustion 
gases. This aids in purging the cylinder of burned 
gases until the exhaust valve is seated. Valve 
overlap is designed into the camshaft and is not 
variable. The amount of valve overlap is important 
to the engine performance. Too much valve overlap 
will create an engine that runs well at high speed 
only, with poor idle and low speed operation. A 
large amount of valve overlap is built into racing 
camshafts. An engine with too little valve overlap 
will be handicapped at higher engine speeds, but 
will have excellent idle and low speed ability. 
Trucks and heavy towing vehicles have a 
minimum of valve overlap for increased low speed 
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Figure 9. Valve Overlap 
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torque. The average passenger car engine balances 
the amount of valve overlap to accommodate the 
varied uses of the vehicle. How valve overlap 
affects an engine is explained below. As the piston 
is approaching BDC during the intake stroke, the 
pressure difference in the cylinder is almost equal; 
however, the air/fuel mixture continues to fill the 
cylinder. This happens because the air/fuel 
mixture has weight and wants to continue 
moving. This extra movement of the air/fuel 
mixture is an added benefit that aids in filling the 
cylinders. To take advantage of this added benefit 
the intake valve is delayed in closing. This helps 
to pack as much air and fuel into the cylinder as 
possible. 


Volumetric Efficiency 


The volumetric efficiency of a four stroke cycle 
engine is defined as the difference between how 
much airfuel mixture will enter the cylinder with 
the engine running and comparing that to total 
cylinder volume (bore x stroke). Another way of 
looking at volumetric efficiency is by taking how 
much air/fuel mixture actually enters the cylinders 
when the engine is running and dividing that 
number by the displacement of the engine; this 
will give you a percentage. This percentage tells 
us how full the cylinders are when running. The 
fuller the cylinder is, the more efficient the engine 
is. This affects engine performance directly. 
Obviously a cylinder that is completely full of 
fresh air/fuel mixture is going to produce more 
power than a half full cylinder of the same size. 
Volumetric efficiency is affected by several factors. 
The cylinder head, intake manifold, exhaust 
manifold, valves, valve placement, and camshaft 
design can and do affect the volumetric efficiency 
of an engine. As explained in the valve overlap 
section, the camshaft has a large effect on cylinder 
filling, which is merely another way of stating 
volumetric efficiency. Turbochargers and 
superchargers also affect volumetric efficiency. 
They forcibly fill the cylinders with more fresh 
air/fuel mixture than could be expected in a 
normally aspirated engine. This in effect fools the 
engine into thinking it is larger than it really is. 
The engine produces the power of a larger 
displacement engine, but in a smaller and lighter 
package. 


CYLINDER BLOCK 

The cylinder block (Figure 10) is the major 
component in the four stroke cycle engine. All 
other engine components are either supported by 
it or are mounted in or on it. The block is a one- 
piece casting with all mounting pads, cylinder 
bores, and bearing surfaces machined to exacting 
tolerances. The top and bottom of the block are 
also machined to accommodate mounting of the 
cylinder head and oil pan, respectively. The 
cylinder block is also used to house the water 
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Jackets that surround the cylinder bores and carry 


away excess heat to the cooling system. The.” 


diameter of the cylinder is refered to as the bore. 
Another major function of the cylinder block is 
its use as a mounting system for the engine and 
all engine driven accessories, such as power 
steering, air conditioning, and certain pollution 
reduction systems. Currently cylinder blocks are 
made from cast iron; however more and more are 
being cast of aluminum. Plastics are also being 
tested for use in cylinder blocks. 


Figure 10. The Cylinder Block 
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CYLINDER HEAD 


Cylinder heads (Figure 11) are made of cast iron 
or aluminum. They perform the job of sealing the 
cylinder on the top and letting the air/fuel mixture 
into and the burned gases out of the cylinder. This 
is accomplished by the action of the intake and 
exhaust valves, which are mounted in the cylinder 
head in a recessed area known as the combustion 
chamber. The spark plug is also mounted in the 
head and protrudes into the combustion chamber. 
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The associated valve actuating gear, whether for 
overhead cam or overhead valve design is 
mounted on the cylinder head. Another integral 
part of the head is the intake and exhaust ports, 
which route the flow of gases. The water cooling 
passages or jackets are part of its structure. 
Machining is necessary on the head where it 
mounts to the block, intake and exhaust 
manifolds, and where the valves seat along with 
the valve guides. 
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Figure 11. The Cylinder Head 
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PISTONS AND RINGS 


The piston rides up and down in the cylinder bore 
(Figure 12). As it moves it is driven by the 
expansion of the gases during combustion on the 
power stroke. During the other three strokes the 
piston is being driven by the motion of other 
pistons on power strokes. During combustion the 
top of the piston in a gasoline engine is exposed 
to a force of up to two and one half tons. To 
withstand these pressures and save weight, 
pistons are made of aluminum and aluminum 
alloys. However, one disadvantage of aluminum 
is the increased expansion versus a cast iron 
piston. However, modern pistons are 
manufactured with internal steel struts or inserts 
to help retain heat and contain piston expansion 
to allowable levels. The piston has several areas; 
the first is the top or dome which forms the lower 
half of the combustion chamber. Below the dome 
are grooves that the rings are held in; these 
grooves are also known as ring lands. Directly 
below the ring lands is the piston pin bore. The 
piston pin or wrist pin attaches the piston to the 
connecting rod (small end). Below the wrist pin 
bore is an area designated the piston skirt. The 
skirt guides the piston in the bore and prevents 
the piston from rocking in the bore. There are two 
styles of piston skirts: the slipper skirt and the 
full skirt. The slipper type skirt is used in 
automobiles due to the fact that the piston is 
lighter and there is enough load support area. The 
full skirted piston is used in truck and commercial 
applications. The full skirt allows for severe duty 
and heavy load uses due to its increased load 
bearing area. Piston rings are needed to seal the 
piston to the cylinder bore and contain the gases 
on the top of the piston. The rings serve three 
functions: first they seal the combustion chamber 
at the piston; second, they remove the excess oil 
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from the cylinder walls (This is needed to prevent, 


the oil from reaching the upper cylinder where it “< 


would be burned). Third, the rings help cool the 
piston by transferring heat to the cylinder walls. 
Rings come in two general types: compression and 
oil control. Modern automobile engines are usually 
fitted with one oil control and two compression 
rings. The compression rings are located in the 
top two grooves on the piston. They are designed 
to seal the combustion gases in the cylinder, with 
the top ring doing most of the work. Compression 
rings also utilize the compression gases to aid in 
sealing. This is accomplished by routing some of . 
the combustion gases to the rear of the ring, 
forcing it out tighter against the cylinder wall and 
also down against the bottom of the ring groove. 
Rings are commonly made of cast iron, with 
compression rings coming in several different ' 
cross sections and having coatings ranging from 
graphite, phosphate, and molybdenum to 
chromium. Oil control rings are located in the 
lowest groove on the piston. Their main function 
is to remove excess oil from the cylinder wall. This 
oil is constantly being applied to the walls to aid 


in cleaning, lubricating, and cooling the 


components. Oil control rings come in two 
varieties: segmented and cast iron. Both styles 
have slots in them that allow the oil to pass 
through them to the ring groove. The ring groove 
also has slots in it that allow the oil to flow to 
the inside of the piston and back to the crankcase. 
To allow for expansion of the ring and piston there 
is an open gap where the ring ends meet; this is 
known as ring end gap. The end gap should be 
checked when installing new rings and also during 
other service. Always refer to the proper manual 
for end gap specifications and where they should 
be checked in the cylinder. 
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Figure 12. The Piston and Rings 
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CONNECTING RODS 


The connecting rod links the piston to the 
crankshaft. All of the force from combustion in 
the cylinder is transmitted through the rod. It has 
two ends: the small end or piston pin end which 
holds the piston pin and the big end which 
mounts to the crankshaft. Between the two ends 
is the rod beam. The beam is “I” shaped for 
maximum strength and minimum size. The 
connecting rod is usually forged of high strength 
steel. The small end of the connecting rod has the 
piston pin going through it. If the pin is press fit 
in the rod, the piston pin is free to move in the 
piston. When the piston pin is free to move in the 
rod end, the rod end has a bushing installed in 
it. In applications that allow the piston pin to float 
freely in both the rod and piston, the rod is bushed 
and retaining clips are used to secure piston pin 
movement within the piston. The big end of the 
rod is machined to accept an insert type bearing 
similar to the style used to mount the crankshaft. 
To allow use of the insert bearing the big end is 
made of two parts. One part is integral with the 
rod. The other portion is removable and secured 
in place with high strength rod bolts. These rod 
bolts must be torqued to the specified values as 
listed in the service manual. The rod caps are 
machined in place on the connecting rod and must 
never be reversed, or bearing failure or worse may 
occur. The large end of the rod also has a hole 
drilled in it. This hole is used to spray oil on the 
cylinder wall to lubricate the piston and major 
thrust areas. 
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CRANKSHAFT 


The crankshaft (Figure 13) converts the up-and- 
down motion of the piston to rotary motion. This 
rotary motion can then be transferred to operate 
the various drive systems. The crankshaft is made 
of cast iron, forged cast steel, or nodular iron. 
Crankshafts have two types of journals: main and 
rod journals. The main journals are all in line with 
one another and support the crankshaft in the 
block. The rod journals are offset from the mains 
and are staggered from each other. The offset 
determines how far the piston will travel up and 
down (stroke). The rod journals are staggered to 
equally space the power impulses from the pistons 
and aid in balance. Another aid to balancing the 
engine is made on the crankshaft. Crankshaft 
counterweights are located opposite several rod 
journals. These counterweights help produce 
smooth crankshaft rotation between power 
impulses. The journals are connected from the 
mains to the rods by a small hole that is drilled 
on an angle. This hole transfers oil under pressure 
from the crankshaft main bearings to the 
connecting rod bearings. Without this passage the 
rod bearings would not last. All journals on the 
crankshaft are finished to a very fine finish . This 
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is necessary for proper bearing fit and clearance. 
The number of main and rod journals is 
determined by the block style of the engine. A 
“У” type engine will have fewer rod and main 
journals than an “I” type engine with equal 
cylinders. This is because in “У” type engines 
each rod journal is shared by two connecting rods. 
This sharing makes for a shorter crankshaft which 
reduces the number of main bearings needed. 


FLYWHEEL 


The flywheel is a large circular mass of cast iron. 
It performs several functions. First and foremost 
it transfers power to the drive system. The 
flywheel is also used as the mating gear to the 
starter. The large diameter of the flywheel aids 
in gear reduction. This means a smaller starter 
motor can be utilized. The large weight of the 
flywheel also helps keep the engine spinning 
smoothly between power strokes. Flywheel weight 
also determines how fast an engine will gain 
speed. An engine with a light flywheel will 
accelerate much faster than the same engine with 
a heavy flywheel. 
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Figure 13. The Crankshaft 
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CAMSHAFT 


The camshaft (Figure 14) is responsible for 
opening the valves, how far they open, and when 
they open. The camshaft is not responsible for 
closing the valves. The valve springs close the 
valves. The camshaft is a straight shaft with 
eccentric lobes on it. There is a lobe for each valve 
and usually one lobe to operate the fuel pump. The 
lobes are mounted solidly on the shaft and are not 
variable 'The shape of the camshaft lobe 
determines valve timing. Valve timing is a 


TAPER OF LOBE 


measurement for valve movement in relation to 
the crankshaft. The camshaft is driven by the 
crankshaft. It turns at one half of crankshaft 
speed. This is necessary because the valves are 
closed for two strokes of the four stroke cycle or 
one revolution of the crankshaft. Camshafts are 
driven by gears, chains, or belts. The camshaft can 
be located in the block or in the cylinder head 
(OHC). There can also be a camshaft for each set 
of valves: one camshaft for intakes and another 
for exhausts (DOHC). 
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Figure 14. The Camshaft 
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BEARINGS 


The bearings (Figure 15) that support the 
crankshaft main journals, the connecting rod large 
end, and the camshaft are removable inserts. The 
insert bearings are in two pieces on all crankshaft 
journals. The insert type bearing is made of three 
metals and called a tri-metal insert bearing. The 
base metal or backing metal is steel. There is a 
coating of copper attached to the steel on one side. 
Layered on the copper is an alloy called babbit. 
The actual bearing surface that the journal rides 
on is the babbit. There are two main reasons for 
using insert type bearings. The first reason is 
durability of the engine. The bearing metal is 
softer than the crankshaft or camshaft metal. 
This softness allows for wear of the bearing and 
not the other engine component. It also allows the 


bearing to deform to accommodate any slight . 


imperfections of the other components. The 
second main reason for inserts is that the insert 
can be made of suitable materials for increased 
engine life. Another benefit of removable inserts 
is that the insert may be replaced instead of 
replacing the cylinder block, crankshaft, or 
camshaft. Insert type bearings are made to very 
exacting tolerances. 'Two piece bearings are usually 
located in the block by a small tang on each half. 
The two piece bearing is also crushed when the 
rod or main caps are torqued to the specified 
values. The bearing crushes about 0.001 inches, 
which helps form the bearing to the component 
which holds it in place. One piece camshaft insert 
bearings are press-fit into the block or head and 
have no crush factor built in. 
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Figure 15. The Rod and Main Bearings 
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FOUR STROKE CYCLE 


VALVE LIFTERS 


The valve lifters (Figure 16) ride directly on the 
camshaft lobe. There is one lifter for each valve. 
The lifter transforms the rotary motion of the 
camshaft into up and down motion. The lifter 
going up in its bore pushes on the pushrod or 
directly on the rocker arm. The rocker arm then 
pushes the valve open and holds it open until the 
lifter goes down in its bore. Lifters come in several 
different varieties, but all do the same job. There 
are hydraulic lifters that use pressurized engine 
oil to maintain zero valvetrain clearance. These 
lifters are also continuously self-adjusting. The 
lifter traps engine oil internally between the lifter 
body and the movable plunger. Since fluids cannot 
be compressed, the oil trapped in the lifter acts 
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like a solid piece of metal. When the valve is 
closed, the oil in the lifter is free to enter or exit 
the lifter body. During this time the length of the 
lifter adjusts to accommodate any change in 
tolerances. This eliminates the need for any valve 
clearance adjustments by a technician. Hydraulic 
roller lifters are also in use on current Ford 
vehicles. These lifters have a metal roller mounted 
into the bottom portion of the lifter. The roller 
rides directly on the camshaft lobe. The hydraulic 
roller lifter reduces friction in the valvetrain and 
increases vehicle mileage. The roller lifter also 
allows for different camshaft patterns that a 
normal hydraulic lifter could not accommodate. 
Valve lifters have been eliminated in certain 
overhead camshaft type designs. 
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Figure 16. The Valve Lifter 
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VALVES 


The valves (Figure 17) used in an automotive 
engine are called poppet valves. There is at least 
one intake and one exhaust valve per cylinder. The 
valves are located in the cylinder head in all 
modern Ford engines. The valves allow either fresh 
airfuel mixture to enter the cylinder or burned 
gases to exit the cylinder. The valves form a seal 
in the combustion chamber and retain all gases 
in the cylinder during the power and compression 
strokes. The valves have a small diameter stem 
that guides the valve in the head. Machined into 
the valve stem near the top is a groove. This 
groove is used to hold valve spring keepers. 
Attached to the stem is the valve head. The valve 
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head is a large diameter disc. Contained on the \_y 


head is the valve face; this is where the valve seals 
to the head. The face is cut on an angle to match 
the valve seat. This angle varies with engine 
design. Extending beyond the valve face is the 
margin. The margin on the valve head allows for 
refacing the valve during service. It also is 
necessary for heat retention and transfer for 
extended valve life. Valves are made of high 
strength steel alloys. This is necessary because 
of the high operating temperatures. The exhaust 
valve can encounter temperatures as high as 
4000°F. The intake valve is always larger than the 
exhaust valve. A common rule of thumb is that 
the exhaust valve is approximately 70% as large 
as the intake valve. 
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Figure 17. The Valves 
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INTAKE MANIFOLD 


The intake manifold (Figure 18) does the job of 
routing the airfuel mixture to each cylinder. It 
must do this job as efficiently as possible, with 
a minimum of interference to the airflow. To 
equalize the amount of mixture reaching each 
cylinder, the manifold runners or passages must 
be equal in length. They should also be relatively 
smooth so as not to interfere with the airfuel 
mixture flow. In carburetor or СЕТ (central fuel 
injection) applications air/fuel mixture flow is very 
important. Also important is the operating 
temperature of the intake manifold. A manifold 
that is too cold will allow the fuel to condense on 
the bottom of the manifold. This creates a lean 
condition and poor performance. A manifold that 
is too hot will cause the mixture to expand and 
reduce volumetric efficiency. In EFI (electronic 
fuel injection) and SEFI (sequential electronic fuel 


injection), applications where the fuel is injected 
at the intake port, the intake manifold can be 
altered for increased performance. 


EXHAUST MANIFOLD 


The exhaust manifold routes the burned gases 
away from the engine. An exhaust manifold with 
equal length runners will help an engine to be free- 
flowing. This helps scavenge the cylinders during 
the exhaust stroke. Scavenging is when the out 
going gases from one cylinder help pull the burned 
gases from a different cylinder. This aids in 
volumetric efficiency and helps equalize cylinder 
power output by reducing back pressure. Back 
pressure fights the exit of burned gases from the 
cylinder and forces them to remain in the cylinder. 
Intake air is also heated by the exhaust manifold 
during cold weather operation. This heated air 
improves cold weather driveability. 
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Figure 18. The Intake Manifold 
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VIBRATION DAMPER 


The vibration damper (Figure 19) is a two piece 
hub with a rubber section separating the pieces. 
The inner piece is attached to the crankshaft at 
the opposite end from the flywheel. The outer 
section is like a large ring. Between the two parts 
is a rubberlike strip. Each time a cylinder fires 
on a power stroke, the crankshaft is deformed 
temporarily. The crankshaft twists in its length 
and then snaps back into place. This twisting runs 
up and down the length of the crankshaft. This 
happens with every power impulse and sets up 
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arythmic vibration. To counteract this vibration 
the damper is used. When a cylinder fires the 
inner hub of the vibration damper turns with the 
crankshaft. However the outer ring does not 
deflect with the crankshaft. The outer ring 
remains slightly behind the crankshaft due to the 
rubber flexing. The outer ring then catches up to 
the inner hub when the crankshaft returns to its 
normal state before deflection. This action of the 
outer ring counteracts the crankshaft twisting 
and reduces the internal crankshaft vibration. 
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Figure 19. The Vibration Damper 


Cylinder blocks come in two basic designs: inline 
or "V" type. The inline block is called that 
because all of the cylinders are in one row or in 
a line. У type blocks have one half of their 
cylinders on each of two sides. The two sides are 
at a 90 angle to each other. Inline engines come 
in four and six cylinder varieties. V type engines 
are available in six and eight cylinder varieties. 
All modern Ford engines have overhead valves 
located in the cylinder head. Depending on style, 
the camshaft can be located in the block (V8) or 
it can be in the head (I4). There can be as many 
as two camshafts per cylinder head: one for the 
exhaust valves and one for the intake valves. Most 
applications are either cam in block or single 
overhead cam designs. Cylinder heads can now 
have more than two valves per cylinder. Two 
intake and two exhaust valves are becoming 
common on small displacement engines that 
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develop high output per liter displacement. A 
three valve arrangement that utilizes two intake 
valves and one exhaust valve is also produced. 


ALLOYS 


An alloy is a combination of two or more 
substances combined into one metal substance. 
The advantage to alloying (combining) a metal is 
that the parent metal (highest percentage of pure 
metal) gains or loses a characteristic of that metal. 
This means a soft metal can be made hard. Pure 
iron is soft, but when combined with 5% carbon 
it forms a hard alloy, cast iron. Almost all metals 
in an engine are alloys. Chromium is added to 
piston rings to increase durability. Molybdenum 
is also added to piston rings. All aluminum 
components used in the engine are alloys. Pure 
aluminum is too soft for use in cylinder blocks 
without a cast iron cylinder liner for durability. 


GASOLINE ENGINE DESIGN 


ENGINE PERFORMANCE FACTORS 
Effects of Design on Performance 


There are numerous areas of an engine that affect 
engine performance. Most gains are achieved by 
altering the manner in which the air/fuel mixture 
is handled and burned. At the intake portion of 
air/fuel mixture routing, there are several 
performance improvements. The use of equal 
length intake manifold runners has helped to 
equalize the delivery of air/fuel mixture. This 
equalizes cylinder power output and efficiency. 
This style manifold also has its runners at the 
optimum length for peak power output at the 
desired operating range of the engine. Fuel 
injection and multi-point fuel injection have 
helped produce a more uniform air/fuel mixture. 
This is accomplished by the injectors breaking the 
fuel down into finer droplets. These smaller 
droplets combine with the intake air more readily 
and evenly. This homogenous air/fuel mixture is 
burned more efficiently for increased power output 
and reduced exhaust emissions. 


Cylinder head design, specifically the combustion 
chamber, affects engine performance greatly. 
There are several combustion chamber designs 
that we will talk about. First is the wedge 
combustion chamber. The wedge is contained in 
the head and resembles a wedge when viewed 
through the side. In a wedge, the valves are next 
to each other and can be parallel or canted 
(slightly tipped). In this design there is a large 
amount of surface area in the combustion 
chamber. This area works against the combustion 
process by cooling the mixture. This cooling effect 
tends to quench or stop the combustion process. 
Next is the hemisperical combustion chamber or 
hemi head. The chamber in the hemi resembles 
a small round bowl. The valves are at opposite 
sides from each other and inclined at a 45? angle 
with the spark plug located in the center. A hemi 
head engine produces more horsepower and torque 
than a wedge head engine of equal size. The hemi 
head is resistant to detonation, and high 
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compression ratios can be utilized. Ford Moto 
Company has developed the high swirl 
combustion chamber. This is a variation of a 
wedge type combustion chamber. The high swirl 
chamber is a compact design with a masked area 
opposite the spark plug. Masking the combustion 
chamber creates a high swirl and turbulence in 
the cylinder. The high swirl action provides better 
mixing and burning of the air/fuel mixture. Also 
emerging on the automotive scene is the use of 
more than two valves per cylinder. Three and four 
valves per cylinder heads are currently in 
production. The main advantage to these designs 
is that two smaller valves flow more air/fuel 
mixture at low valve lifts for increased volumetric 
efficiency. Another benefit to more and smaller 
valves is that the combustion chamber can be 
decreased in size. This reduces air/fuel mixture 
quenching and results in more complete 
combustion. These multiple valve type engines 
also reduce stress on the valvetrain. This is due 
to reduced weight in the valves and related 
components. With smaller valves, less valve 


spring pressure is needed for extended usage. Or ^^ 


the exhaust side of the engine, tubular exhaust 
manifolds have appeared. These tubular manifolds 
let the exhaust gases exit the cylinder more 
rapidly. They also increase cylinder scavenging. 
Scavenging is a condition where the exhaust from 
one cylinder works to pull the exhaust gases from 
another cylinder out into the manifold. This helps 
purge the cylinder of burned gases and increase 
the intake of the fresh air/fuel mixture. Other 
improvements that have resulted in increased 
engine performance are the use of roller lifters and 
low tension piston rings. The hydraulic roller lifter 
was introduced to reduce valvetrain friction. They 
also allow the use of rapid opening camshaft 
profiles. These profiles increase volumetric 
efficiency. The low tension piston rings were 
designed to reduce the friction in the cylinder for 
improved milage. They are also found to seal 
better than standard piston rings, and 
performance and efficiency are increased. 


MEASUREMENTS 


| ОМРОМЕМТ WEAR 


One of the major factors involved in engine 
performance is engine component wear. Most of 
the times that you will encounter worn 
components will be during engine overhauls or 
when reviewing customer performance concerns. 
However, even if you are not involved in such 
operations it is important that you become 
familiar with component wear for a complete 
understanding of engine operation. Due to the 


increasing amount of components that are 
manufactured for international applications, we 
will review conversion factors that will enable you 
to change measurements and specifications from 
the U.S. Standard measuring system to the Metric 
system. Also covered will be conversions from the 
Metric system to the U.S. Standard system. Along 
with this information, you will learn how to use 
and read micrometers. 


CONVERSION FROM AMERICAN STANDARD TO METRIC AND BACK 
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The major components of a micrometer (Figure 20) 
are the frame, spindle, anvil, thimble, sleeve, 
and the graduation marks. To read the 
micrometer, first read the last whole sleeve 
number visible on the sleeve long line. Next, count 
the number of full sleeve marks past the number. 
Finally, count the number of thimble marks past 
the sleeve marks and you have your measurement. 
These three readings indicate tenths, hundredths, 
and thousandths of an inch, respectively. For 
example, a 2 to 3 inch micrometer that has taken 
a measurement is described as follows (Figure 21): 


1. The largest sleeve number that is visible is 4. 
This indicates 0.400 in. (four tenths inch). 


2. The thimble is 3 full sleeve marks past the 
sleeve number. Each sleeve mark indicates 
0.025 in., so this indicates 0.075 in. (seven and 
one half hundreths inch). 


ANVIL SPINDLE 


FRAME 


LOCK NUT 


m 
3. The number 12 thimble mark is lined up wit! 
the sleeve long line. This indicates 0.012 in. 
(twelve thousandths inch). 


4. Add the readings from steps 1, 2, and 3. The 
total of the three is the correct reading. In our 
example: 


Sleeve number ................. 0.400 in. 
Sleeve marks .................. 0.075 in. 
Thimble marks................. 0.012 in. 


Total = 0.487 in. 


5. Now add 2 inches to the measurement. Since 
this is a 2 to 3 inch micrometer, the final 
reading is 2.487 inches. 


SLEEVE 


SLEEVE THIMBLE 
NUMBERS MARKS 
RATCHET 
SCREW 
THIMBLE 


Figure 20. Outside Micrometer 
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TWELFTH THIMBLE 
MARK = 0.012 IN. 


THIRD SLEEVE 
MARK PAST SLEEVE 
NUMBER = 0.075 IN. 

EACH THIMBLE 

MARK EQUALS 

0.001 IN. 


THIMBLE MARKS 


Figure 21. Reading a Micrometer 


In cases where a measurement must be within 


0.0001 in. (one ten thousandth of an inch), a ONIY ONE МЕНМЕН an 
micrometer with a vernier scale should be used. A THIMBLE MARK NE 


This micrometer is read the same way as a 
standard micrometer. However, in addition to the 
three scales found on the typical micrometer, this 
type has a vernier scale on the sleeve. When 
taking measurements with this micrometer, read 
it the same way you would a standard micrometer. 
Then, find the thimble mark that lines up 
precisely with one of the vernier scale lines (Figure 
22). Only one of the lines will match up correctly. 


All other lines will be mismatched. The vernier VERNIER a 

scale number that matches up with a thimble SCALE NUMBER 

mark is the 0.0001 in. (ten thousandths of an inch) 

measurement. Figure 22. Using the Vernier Scale 
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Reading Metric Micrometers 


The metric micrometer is used and read in the 
same manner as a standard inch graduated 
micrometer, except that the graduations are 
metric. Therefore, the markings on the metric 
micrometer have different values than the 
markings on the inch graduated micrometer. 


With a metric micrometer (Figure 23), each sleeve 
number on the sleeve long line represents five 
millimeters (5mm). There are ten equally spaced 
lines between the sleeve numbers; these are the 
sleeve marks. Each sleeve mark represents five- 
tenths of a millimeter (0.5mm). One complete turn 
of the thimble moves the spindle five-tenths of a 
millimeter (0.5mm). The edge of the thimble is 
marked with 50 equal divisions, called thimble 
marks. Every fifth thimble mark is numbered. 
Each of the thimble marks represents one- 
hundredth of a millimeter (0.01mm). 


To read the metric micrometer, first read the 
number of the sleeve numbers visible on the sleeve 
long line. Next, count the number of sleeve marks 
past the sleeve number. Then, count the number 
of thimble marks past the sleeve marks. Finally, 
add all the sleeve and thimble readings together 
to determine the measurement. 


Always take good care of your micrometer. Five 
tips are: 

1. Always clean the micrometer before using it. 
2. Do not touch measuring surfaces. 


3. Store the micrometer properly. The spindle face 
should not touch the anvil face or a change in 
temperatures might spring the micrometer. 


4. Clean the micrometer after using it. Wipe it 
clean of. any oil, dirt, or dust using a lint-free 
cloth. 
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5. Do not drop the micrometer. It is a sensitive d 


instrument and must be handled with care. 


Now that you have been familiarized with 
conversion skills and micrometer use, we will 
explain the components of the four stroke cycle 
engine. Included with each component 
description, will also be a discussion on their 
composition. 


THIMBLE 
MARK 
SLEEVE 
NUMBER 


0.01 MM 


Figure 23. Metric Micrometer Markings 


ENGINE COMPONENT DESCRIPTION WORKSHEET 


Match the component or term on the left with the description on the right by placing the letter 
\ before the description in the space follo i. the component or term. 


1. Piston The mounting point for the carburetor or fuel 


2.Cylinder Head _- .—:€ | — | injection components. 
3. Bore gy The diameter of a cylinder. 
4.Connecting Rod. E |. Used to seal the space between the cylinder 


5. Cylinder Block — 4/ — — head and the cylinder block. 

6. Oil Control Ring _ __F — — A Dampens crankshaft vibration. 

7. Compression Ring Used to transmit the pressure applied on the 
8. Wrist Pin piston to the crankshaft. 

9. Crankshaft _— 2 . Removes oil from the cylinder walls. 


10. Vibration Dampa -D P 6 Seals the combustion chamber at the piston. 


me 


11. Camshaft — Fe Opens and closes the valves. 
12.VaveLfers__P Egg shaped sections of the cam. 
13. Valve Guides — L- 

14. Сат Lobe I  /— Moves up and down the cylinder. 


15. Flywheel i Vy oe the valve stem moves up and down 
16. Piston Skirt through. 
17. Valve Timing — w/t he top of the engine. 


Connects the connecting rod to the piston. 


S 


18. Valve Seats — RR The "Body" of the engine. 
19. Head Gasket. C č —Ż— Applies a constant moving force to carry the 


20. Intake Manifold__ ÀA = ć V// Found i from one firing stroke to the next. 


ound in a bore above each cam lobe. 
When and how much the valves open. 


айі The area contacted by the valve face when the 
valve is in the closed position. 
—$./, Used to convert the up and down movement of 
af the piston to rotary movement. 
The lower portion of the piston body. 
bw. 


29 


METRIC TO U.S. AND U.S. TO METRIC CONVERSION FACTORS 


EXAMPLE: 1.4 in x 25.4 = 35.6mm 
EXAMPLE: 6.7mm X 0.039 = 0.26 in 


0.35in. = — Е mm 62mm = 2.418 in. 
17іп. = __43./8 тт 183mm Lr ANM in. 
EXAMPLE: 35 ft/lb. X 1.356 = 47.5 Nem 

EXAMPLE 220 Nem X 0.738 = 162.4 ft/Ib 


ry 
110 нль = _ MI. 16 inm 65 №т= 42777 fiib 
65 НЛЬ =  — 29-/* мт 105 Nm = 724% fulb 


EXAMPLE: 72°F - 32 X 0.556 = 22.39C 
EXAMPLE: 50°C X 1.8 + 32 = 1049F 


esp = _/7.220 c 44c = _M. oF 


31 


MICROMETER WORKSHEET 


This worksheet is designed to enhance your ability to read a micrometer. Complete the following 
questions according to the example given: 


ЛЕЕ" A 

ЕЕЕ 

А._.212 
Jur: \ 
е 
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MICROMETER WORKSHEET (Continued) 
23 ў Gif () - 
i ТТИПТИ 
СИТ: > 4 BEE 15. 
= ZA 
NE Gu 
din: yi 
10. __.2)7 1.196% — 
сиз \ ТЕ (| 
ШЭ ШШ 
11. ,70 17.7 bg J^. 
x Te. ( 
yh Э 
= 3 
12. 18.2.22. 707 
ЛЕ) Е, V 
mE yrmmimmme. 
= = 
13. _ N — — 9.9.24 
ja! 3 
Е сре" ( 
E 4 
14. Мо 20.14 ls 
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DAY TWO 
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Опе of the major factors involved in engine 
performance is engine component wear. Most of 
the times that you will encounter worn 
components will be during engine overhauls or 
when reviewing customer performance concerns. 
However, even if you are not involved in such 
operations, it is important that you become 
familiar with component wear for a complete 
understanding of engine operation. 


Effects Of Wear On Performance 


Engine performance is adversely affected by 
component wear. The efficiency and power output 
of the engine declines as the engines useful 
lifespan is decreased. This decline is to be expected 
with normal wear and the effects on the engine 
performance are usually not perceptable. It is 
when a component wears out prematurely or fails, 
for whatever reason, that a noticeable decline is 
obvious. 


The components and their failures discussed 
below are to be considered during the course of 
servicing an engine. 


Engine Block 


The engine block houses the crankshaft, pistons 
and connecting rods, camshaft, all lower engine 
bearings, timing chain and sprockets, oil pump, 
and the oil pan. It must also support many 
external components such as the cylinder head, 
water pump, fuel pump, etc. 


01007) X RPM X 
и 
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| EFFECTS ОЕ WEAR ON PERFORMANCE 


During operation, the engine block must 
withstand very high levels of stress, strain, 
fatigue, heat, and flexing. Therefore, the block 
must be thoroughly inspected for cracks, warpage, 
wear, and other irregularities. 


A crack in an engine component indicates that 
a failure is occurring or has already occurred. 
Cracks in the engine block or any engine 
component are usually caused by one of the 
following conditions: 


* Stress in the metal due to improper alloy 
distribution at the time the casting is poured. 


* Overheating due to a problem in the cooling 
system or a blown cylinder head gasket. 


* Rapid cooling of the metal by a sudden flow of 
cold water or air after the engine has become 
extremely hot. 

* Strain on parts due to excessive tightening or 
misalignment of parts. 


* Fatigue of parts that are placed under repeated 
or fluctuating stress cycles. Fatigue fractures 
begin as minute cracks and grow under the 
action of these stress cycles. 


* Flexing of metal due to lack of rigidity. 


Customer complaints that would indicate a 
problem of this nature could include: 


* Coolant leaking or coolant usage. 


* Water vapor coming out of the tailpipe after 
vehicle is fully warmed. 


* Engine misfire and sluggish performance. 


Moar X fli 
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Cylinders 


Check for any scratches on the cylinder walls that 
may be caused by a broken piston ring. Also, 
check for scuff marks that could be the result of 
a bent connecting rod. An easy method to inspect 
the cylinder walls is to shine a light through the 
cylinder from the bottom. Look for signs of 
pitting, cracking, scuffing, or scoring caused by 
excessive heat and friction (Figure 24). Excessive 
heat discolors metal, so look for discolored areas 
on the surface of the bore. If damage to the 
: cylinder bores is minimal, they may be refinished 
with a home and new pistion rings will have to 
be installed. However, if damage is extreme, the 
cylinders may have to be bored oversize and new 
pistons and rings will have to be installed. 


Customer complaints that would indicate a 
problem of this nature could include: 


* Excessive engine oil usage. 
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* The engine misfiring. 


* A sluggish engine and high operating 
temperatures. 


Figure 24. A Scored Cylinder Wall Caused by 
Overheating 


EFFECTS OF WEAR ON PERFORMANCE 


Pistons 


Each piston must be inspected separately to 

locate and isolate any potential or actual 

problems. The conditions to look for are indicated 
as follows: 

e Piston head deposits—Oily or caked on 
deposits on the top of the pistons usually 
indicate that excessive amounts of oil are 
entering the combustion chamber. 


e Piston ring groove wear (Figure 25) — Check 
each piston for ring groove wear using a new 
ring and a feeler gauge. If piston ring groove 
wear exceeds specifications, the piston must be 
replaced. If the lower inner portion of the ring 
grooves have a high step, replace the piston. The 
step will interfere with ring operation and cause 
excessive ring side clearance, which can also 
result in excessive oil consumption. 


WORN AREA 


Figure 25. Piston Ring Groove Wear 
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e Excessive piston-to-cylinder wall clearance — 


This condition can cause the piston to wobble 
in the cylinder bore. If this happens, the piston 
rings will not contact the cylinder wall properly. 
The result will be a scored or scratched cylinder 
bore and piston skirt, and excessive oil 
consumption. 


Abnormal combustion — If the top of the 
piston shows signs of pitting, the most common 
cause is detonation. This is usually the result 
of incorrect ignition timing. Pre-ignition results 
from the air/fuel mixture being burned too early 
or too rapidly. These conditions can cause 
irreparable damage to the piston by either 
melting or burning a hole in the piston head 
(Figure 26). If a piston shows excessive signs 
of abnormal combustion, it must be replaced. 


DETONATION 


PRE-IGNITION 


Figure 26. A Hole Burned in a Piston 
from Abnormal Combustion 
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Scored, scuffed, or cracked pistons (Figure 27) 
— When inspecting the pistons, look for 
indications of scoring, scuffing, or cracking, 
especially in the piston pin and skirt areas. 
Scoring and scuffing are usually the result of 
a lack of lubrication or the use of an engine oil 
with incorrect viscosity. A cracked piston skirt 
(Figure 28) can be caused by excessive piston- 
to-cylinder wall clearance. 


Connecting rod misalignment — A piston with 
wear due to a bent or misaligned connecting 
rod will have a diagonal wear pattern on the 
skirt (Figure 29). If the piston is badly scored, 
it should be replaced. The connecting rod 
should also be replaced. 


Figure 27. Scuffed Piston Due to Lack of Lubrication 


CRACKS 


Figure 28. A Cracked Piston Skirt 
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Improper piston pin fit — If the piston pin is 
fitted too tightly, the piston will not be able to 
rotate on the pin and scoring will result from 
the extra pressure and friction (Figure 30). If 
the pin binds, it will often break the piston pin 
bosses and piston skirts. 


Check these conditions during an engine rebuild 
or major service operation. 


DIAGONAL 
WEAR 
PATTERN 


Figure 29. Diagonal Wear Pattern Caused by a 
Misaligned Connecting Rod 


SCORING 


Figure 30. Piston Scoring Caused by 
Improper Piston Pin Fit 
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EFFECTS OF WEAR ON PERFORMANCE 


Connecting Rods 


During combustion, the connecting rods must 
withstand four to five tons of pressure. At 1,500 
rpm, each connecting rod must be able to change 
its vertical direction 50 times in a second. The 
forces of load and stress applied to the connecting 
rods are great, so a close inspection is extremely 
important. 


The connecting rods should be inspected for 
fractures, big end bore out-of-round and taper, and 
misalignment (Figure 31). Big end bore out-of- 
round (often called stretch) occurs primarily in a 
vertical direction. Most of this stretch will occur 
in the cap of the connecting rod. If the big end 
bore taper or out-of-round exceeds the 
recommended limits, or if the connecting rod is 
fractured, it should be replaced. 


Misalignment (Figure 32) can occur in different 
areas of the rod. Bend is a condition where the 
centerlines between the piston pin bore and rod 
bearing bore are misaligned in a vertical direction. 
Twist is a condition where the centerlines between 
the piston pin bore and rod bearing bore are 
misaligned in a horizontal plane. Various forms 
of engine wear caused by these parts can be 
readily identified as follows: 


* A shiny surface on either pin boss side of the 
piston usually indicates that a connecting rod 
is bent. 


e Abnormal connecting rod bearing wear (Figure 
33) can be caused by either a bent connecting 
rod, worn or damaged crankshaft journal, or a 
tapered connecting rod bore. 


e Twisted connecting rods will not create an 
identifiable wear pattern, but badly twisted 
rods will disturb the action of the entire piston, 
rings, and connecting rod assembly and may 
be the cause of excessive oil consumption. 


e A diagonal wear pattern extending down the 
skirt of the piston indicates a misaligned 
connecting rod. 


If the connecting rod shows any signs of fractures 
or misalignment, it must be replaced. 


In addition to the inspections indicated above, the 
connecting rod big end bore and piston pin bore 
finish should be inspected for signs of scoring 
(Figure 34). The bores should have a smooth cross- 
hatch finish. Also, check the rod bolts and nuts 
for damaged threads and cracks. If either of these 
conditions exist, replace the rod bolts. 


; a BEND MUST 


BE WITHIN 
SPECIFICATIONS 


TWIST MUST NOT 
EXCEED SPECIFICATIONS 


Figure 32. Connecting Rod Bend and Twist 
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BEARING WEAR CAUSED 
BY А BENT ROD 


Figure 33. Abnormal Connecting Rod Bearing Wear 


SCORING 


ah, 
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Figure 34. A Scored Piston Pin Bore 
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Piston Pins 


Inspect the piston pins for scoring, fractures, and 
wear. A scored or worn piston pin (Figure 35) 
indicates that the pin fits too tightly into the 
piston, or there is insufficient lubrication. 
Fractures can be the result of excessive load, high 
rpm operation, overheating, or improper heat 
dissipation. Replace any pins showing signs of 
scoring, fractures, or wear. 


SCORING 


Figure 35. A Scored Piston Pin Caused by 
Improper Piston Fit 


Crankshaft 


Carefully inspect the crankshaft for cracks, If any 
cracks are evident, the crankshaft must be 
replaced. 


Inspect the crankshaft oil seal surface for a groove 
caused by the oil seal. Also look for nicks, sharp 
edges, or burrs that might damage the oil seal 
during installation or cause premature seal wear. 
If burrs or scratches are evident, they may be 
dressed using fine crocus cloth. 


Check the condition of the crankshaft keyway. A 
damaged (enlarged) keyway usually results from 
insufficient crankshaft pulley bolt torque, which 
causes the crankshaft sprocket to be driven by 
the key rather that bolt torque. Also, inspect the 
flat washer and bolt that retain the crankshaft 
pulley. If the washer is distorted or dished, it 
should be replaced. If the threads on the attaching 
bolt are damaged, the bolt must be replaced. 


Inspect all threaded bolt holes in the crankshaft. 
If threads are damaged, determine if they can be 
repaired by chasing the threads with the correct 
size tap or if a thread repair insert can be installed. 
If not, the crankshaft may have to be replaced. 


Carefully inspect all journals for nicks, scratches, 
burrs, grooves, or scores (Figure 36). In some 
instances, you may find a dark line around the 
journal. This line is caused by the oil groove in 
the bearing and can be removed by polishing with 
fine crocus cloth. Crocus cloth will also remove 
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minor nicks, scratches, burrs, and grooves from 
the journal surfaces. If the crankshaft journals 
are not absolutely smooth, premature bearing 
failure will result. Therefore, any deep grooves, 
scratches, and scores will require the journals to 
be reground. 


If all journals are in good shape, then all journals 
must be measured for wear, taper, and out-of- 
round. Also, the crankshaft main journals should 
be checked for alignment. 


SCORING 


innt 


ip mmt t 


Figure 36. A Scored Crankshaft Journal 
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Camshaft 


Inspect the camshaft journals for signs of wear, 
pits, grooves, or scoring. If any of these conditions 
exist, the camshaft must be replaced and the cam 
bearings must be inspected. 


Check the camshaft lobes for galling, chipping, 
scoring, and signs of abnormal or excessive wear 
(Figure 37). Lobe wear characteristics may result 
in pitting in the general area of the lobe toe. This 
pitting is not harmful to the operation of the 
camshaft. The camshaft should not be replaced 
if only pitting of this type is indicated. 


Figure 37. A Badiy Worn Camshaft. These Cam Lobes 
Have Been Flattened from Excessive Wear 


WEAR 
PATTERN 


= ~<—— TAPER 


BASE 
CIRCLE 


Normal wear patterns usually vary in width, and 7% 


are narrower on the base circle of the cam, 
becoming wider toward the nose of the cam 
(Figure 38). The pattern may be a little off center 
and must not show across the full width of the 
lobe. If the lifter wear pattern extends to the edge 
of the cam, both the lifter and camshaft lobes will 
wear rapidly. 


To promote normal wear, a majority of camshafts 
are ground with a cam lobe surface that is slightly 
tapered to one side. The bottom of the lifter is then 
ground with a slight crown that is slightly off 
center in relation to the cam. Because of this, the 
lifters will tend to rotate and the loading, or 
pressure, area will not reach the edge of the lobe 
where damage could result. 


If camshaft lobes indicate abnormal wear patterns 
or if the journals or lobes have excessive wear, the 
camshaft must be replaced. 


In addition, inspect the distributor drive gear 
teeth on the camshaft. If they are worn or 
damaged, the camshaft must be replaced. 


Any valve related noises, such as lifter clatter, may 
indicate a problem in this area. 


WEAR PATTERN 
WIDE AT NOSE OF 
LOBE AND NARROWS 
TOWARD HEEL 


WEAR PATTERN 
EXTENDS ACROSS 
TO THE EDGES 

OF LOBE 


P 


NORMAL ABNORMAL 
WEAR WEAR 


Figure 38. Camshaft Wear Patterns 
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Main, Connecting Rod, And Camshaft Bearings 


The major causes of bearing damage in order of 
their frequency of occurrence are: 


* Dirt 

* Misassembly 

* Misalignment 

* Insufficient lubrication 

* Overloading (stress) 

* Corrosion 

The following inspection procedure serves as a 
guide to the different types and causes of bearing 


damage. It will also cover what should be done 
to correct the cause of the failure. 


BEARING BACK 
LINING PARTICLE DISPLACED 


EFFECTS OF WEAR ON PERFORMANCE 


Foreign Particles Embedded in Lining 


Foreign particles embedded in the lining of the 
bearing may be accompanied by scratches (Figure 
39). When the particles become embedded in the 
babbitt, metal is displaced around the particle. 
This creates a high spot in the bearing. When the 
high spots are large enough to contact the 
journals, the bearings and journals quickly 
deteriorate due to metal-to-metal contact. If left 
uncorrected, this condition will result in 
destruction of the bearing and journal on which 
it operates. 


Foreign particles may be caused by improper or 
careless cleaning of components, dirt or sand 
entering the engine through the carburetor, or 
fragments of worn engine components entering 
the oil supply. 


BEARING 
FOREIGN 


METAL 
CAUSES A 
HIGH SPOT 


OIL 
CLEARANCE 


JOURNAL 


Figure 39. Bearing Damage Caused by Foreign 
Particles Embedded in the Lining 


Foreign Particles on the Back of the Bearing 


Foreign particles on the back of a bearing will 
cause a localized area of wear on the bearing 
surface (Figure 40). Evidence of foreign particle(s) 
may be visible on the back of the bearing or on 
the housing where the bearing sits. 


Foreign particles prevent the bearing back from 
properly contacting the bearing bore. This 


HOUSING 
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condition leads to an uneven transference of heat “™ 


away from the bearing, causing hot spots on the 
bearing surface and reducing the life of the 
bearing. 


If foreign particles such as dirt, dust abrasives, 
or metal are present in the engine at the time of 
assembly, they may contribute to this condition. 
Also a small particle may become lodged between 
the surfaces during a burr removal operation. 


BEARING 


HOUSING 


FOREIGN PARTICLE 


BEARING 


END VIEW 


JOURNAL 


SIDE VIEW 


Figure 40. Bearing Damage Caused by Foreign 
Particles on the Back of the Bearing 
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Surface Fatigue 


Surface fatigue is indicated by small irregular 
areas of surface material stripped from the 
bearing lining (Figure 41). Heavy loads put on the 
bearing by a reciprocating engine can cause cracks 
in the bearing surface. These ''fatigue cracks" 
widen and lengthen perpendicular to the bond 
line. When the cracks reach the bond line, they 
eventually run parallel to it and cause small pieces 
of the bearing surface material to break off. 


FATIGUE 
CRACKS 


Surface fatigue is usually due to the bearing 
exceeding its normal service life or the engine 
imposing excessive loads on the bearing because 
of improper assembly or hard operation. If surface 
fatigue is evident, inspect the journal surface to 
ensure the bearing failure has not damaged the 
journal. When this type of bearing wear is evident, 
it is advisable to replace all the bearings as their 
remaining service life may be short. 


FLAKING CAUSED BY 
FATIGUE CRACKS RUNNING 
PARALLEL TO BOND LINE 


| 


Figure 41. Bearing Damage Caused Бу Surface Fatigue 
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EFFECTS OF WEAR ON PERFORMANCE 


Bearing Cap Shift 


Damage to the bearing caused by a shifted 
bearing cap is evidenced by excessive wear areas 
close to the parting lines and on opposite sides 
of the upper and lower bearings (Figure 42). This 
shift can push the bearing against the journal at 
the parting line. The metal-to-metal contact 
causes excessive wear on the bearing and the 
journal. 


Using a thick wall socket to tighten the bearing 
cap bolts can cause the cap to shift because the 
socket can hit against the cap. A common cause 
of bearing shift is reversing the position of the 
bearing cap. Other causes may be improper 
tightening of the cap bolts, enlarged cap bolt 
holes, or stretched cap bolts. All of these 
conditions will allow the cap to shift. 


DAMAGE ON OPPOSITE SIDES 
OF THE PARTING LINES 


PARTING 
LINE 


SOCKET 


SHIFTED 
CAP 


SOCKET INTERFERENCE 


CAN CAUS 


EA 


SHIFTED CAP 


Figure 42. A Shifted Cap will Cause Bearing Damage Near the Parting Lines 
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EFFECTS OF WEAR ON PERFORMANCE 


Bent or Twisted Connecting Rod 


This condition will cause wear on opposite sides 
of the upper and lower bearings (Figure 43). The 
wear will only occur in a small area of the bearing 
and there will be little or no wear on other parts 
of the bearing surface. 


If the connecting rod bore is misaligned, the 
bearing will not sit properly on the journal. 
Eventually it will make metal-to-metal contact 
with the journal and both surfaces will become 
worn. 


Some factors which contribute to this condition 
are hard engine operation, improper connecting 
rod installation, and damage to the rod prior to 
installation. 


RUBBING 


PRESSURE 
AREAS 


Figure 43. Bearing Damage Caused by a Bent or 
Twisted Connecting Rod will be Evident on 
Opposite Sides of the Upper and Lower Bearings 


Out-of-Round Bearing Housing Bore 


Signs of this condition are excessive wear areas 
near the parting lines of both upper and lower 
bearings (Figure 44). If the housing bore is out- 
of-round, the lack of oil in these stress areas causes 
metal-to-metal contact between the bearing and 
journal surfaces. This results in excessive wear on 
both surfaces and hinders proper heat transfer, 
thus reducing the service life of the bearing. 


This condition may be caused by the alternating 
motion of the connecting rod. This motion tends 
to elongate the bore. When a new bearing is 
installed, it conforms to the shape of the bore and 
this can result in an out-of-round bearing surface. 


PARTING 
LINE 


Figure 44. An Out-of-Round Housing Bore will Cause 
Bearing Damage Near the Upper and Lower 
Bearing Parting Lines 


EFFECTS OF WEAR ON PERFORMANCE 


Misshaped Journal 


Bearing wear resulting from a misshaped journal 
is usually in an uneven pattern (Figure 45). 
However, these patterns may sometimes be 
identified by determining the shape of the journal. 
The most common wear pattern is that which 
results from a tapered journal. This wear pattern 
is on one side of the bearing surface. Bearing wear 
from an hourglass shaped journal is on both sides 
of the bearing. A barrel-shaped journal will cause 
a wear pattern in the middle of the bearing 
surface. 


A journal that is misshaped affects the bearing 
oil clearance, making it excessive in some areas 


A TAPERED JOURNAL WILL CAUSE WEAR ON 
ONE SIDE OF THE BEARINGS 


DAMAGE DUE TO AN HOURGLASS SHAPED JOURNAL IS 
INDICATED BY WEAR ON BOTH SIDES OF THE BEARING 


A BARREL SHAPED JOURNAL WILL CAUSE THE 
BEARING TO WEAR IN THE CENTER 


and insufficient in others. An out-of-shape journal 
will also impose an uneven load distribution on 
the bearing surface and reduce the service life of 
the bearing. 


A tapered journal is often caused by a misaligned 
rod. А rod in this condition will cause uneven wear 
on the journal during engine operation. A tapered 
journal may also be the result of improper 
machining. The only remedy for a misshapened 
journal is to have the journals reground and 
replace the bearings. 


TAPER SHAPE 


HOURGLASS SHAPE 


BARREL SHAPE 


Figure 45. Bearing Damage Caused by a Misshaped Journal 


EFFECTS OF WEAR ON PERFORMANCE 


Misaligned Crankshaft 


A misaligned crankshaft causes wear in the upper 
and lower halves of the complete set of main 
bearings (Figure 46). Wear will usually be the 
greatest in the center bearings. A crankshaft in 
this condition subjects the main bearings to 
excessive loads and results in bearing wear. It will 
also cause uneven distribution of oil between the 
bearing and journal surfaces. 


A crankshaft becomes misaligned by hard engine 
operation or by dropping or damaging it during 
the overhaul. 


MISALIGNED 


FRONT 
MAIN BEARING CRANKSHAFT CENTERLINE 


TRUE 
CRANKSHAFT 
CENTERLINE 


Figure 46. Bearing Damage Caused by a 
Misaligned Crankshaft 
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Main Bearing Bore Misalignment 


This condition results in a wear pattern on the 
upper and lower halves of the main bearing set 
(Figure 47). The amount of wear on each bearing 
will vary but the greatest amount of wear is 
usually on the middle bearings. Misalignment of 
the bearing bore subjects the bearings to 
excessive loads and results in bearing wear. It will 
also cause uneven distribution of oil between the 
bearing and journal surfaces. 


A possible cause of this condition is the heating 
and cooling of the engine during operation. The 
repetitive expansion and contraction of the 
crankcase causes the bores to become misaligned 
in time. Main bearing bore misalignment may also 
be caused by the use of improper torque values 
or tightening sequences. 
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GREATEST AMOUNT OF WEAR 
OCCURS ON THE MIDDLE BEARINGS 


Figure 47. Bearing Damage Caused by Main Bearing 
Bore Misalignment 


EFFECTS OF WEAR ON PERFORMANCE 


Excessive Journal Fillets 


If the bearing contacts the journal fillets, 
excessive wear will be indicated on the extreme 
edges of the bearing surface (Figure 48). The wear 
pattern is due to the metal-to-metal contact 
between the bearing and the journal fillet. This 
condition can lead to premature bearing failure. 


Excessive journal fillets are often the result of 
improper machining of the crankshaft. 


EXCESSIVE 
JOURNAL 
FILLETS 


BEARING 


METAL-TO-METAL 
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BEARING AND 
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Figure 48. Bearing Damage Caused by Excessive 
Journal Fillets 
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Insufficient Bearing Crush 


If the bearing is assembled with insufficient 
crush, it will be free to move back and forth in 
its housing (Figure 49). This causes the back of 
the bearing and/or the edge of the parting line to 
become highly polished. The loss of radial pressure 
causes inadequate contact with the bearing seat 
and prevents heat transfer away from the bearing. 
As a result, the bearing overheats and its service 
life is reduced. 


One possible cause of insufficient bearing crush 
is improper bolt tightening during installation. 
This problem can also be caused by an oversize 
housing bore or a stretched bearing cap. The 
presence of dirt or burrs on the contact surface 
of the bearing caps may also contribute to this 
condition. 


HIGHLY 
POLISHED AREA 


INSUFFICIENT CRUSH 


ALLOWS THE BEARING TO 
MOVE IN THE HOUSING 


NO RADIAL PRESSURE 


Figure 49. Bearing Damage Caused by Insufficient 
Bearing Crush 
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Excessive Crush 


If this condition exists, the parting faces of the 
bearing will show excessive wear patterns (Figure 
50). Excessive bearing crush occurs when the 
bearing is not seated properly in the housing and 
the bearing cap is installed over it. The additional 
compressive force caused by the crush will make 
the bearings bend inward at the parting faces. 
This “bulge” in the bearing causes excessive wear 
on the journal and bearing surfaces. Excessive 
bearing crush is usually caused by the bearing 
caps being installed too tightly. 


EXCESSIVE WEAR ON 
THE PARTING FACES 


EXCESSIVE CRUSH 


Figure 50. Bearing Damage Caused by Excessive 
Bearing Crush 
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Insufficient Lubrication 


When a bearing is damaged by insufficient 
lubrication it will appear to be very shiny (Figure 
51). There may also be excessive wear on the 
bearing from rubbing against the journal. If there 
is an insufficient amount of oil between the 
bearing and the journal, the metal-to-metal 
contact will wear both surfaces. 


There are a number of possible causes for this 
condition. Insufficient oil clearance between the 
bearing and journal or plugged oil passages can 
result in this problem. Other causes may be a 
malfunctioning oil pump, oil filter, or pressure 
relief valve. Misalignment of the bearing oil holes 
and oil passages can also result in insufficient 
lubrication. 


BEARING 


SUFFICIENT 
LUBRICATION 


JOURNAL INSUFFICIENT 


LUBRICATION 


Figure 51. Bearing Damage Caused by 
Insufficient Lubrication 


EFFECTS OF WEAR ON PERFORMANCE 


Excessive Heat 


When a bearing has been exposed to excessive 
heat, layers of the lining will be missing and the 
steel backing will be exposed (Figure 52). This 
condition occurs when the bearing is heated to 
around 450°F - 600°F and subjected to high 
amounts of torque. The bearing will become 
brittle and start to break apart. 


This problem is usually caused by insufficient oil 
flow through the oil clearance, a rough shaft, or 
bearing misalignment. 


Figure 52. Bearing Damage 
Caused by Excessive Heat 
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Cavitation 


Cavitation of a bearing is indicated by large 
sections of bearing material missing from the 
surface (Figure 53). This condition is usually the 
result of rapid fluctuations in oil film pressure. If 
the pressure in one area of the oil film is lower than 
the oil vapor pressure, a vapor filled cavity is 
formed. When this cavity is exposed to a higher 
pressure, it collapses, causing the surrounding oil 
to strike the bearing metal. As this action is 
repeated, the bearing surface is eventually eroded 
away. 


Figure 53. Bearing Damage Caused by Cavitation 


EFFECTS OF WEAR ON PERFORMANCE 


Oil Pump Assembly 


When inspecting the oil pump assembly, be sure 
to check for wear on the cover, the housing, and 
the inner and outer rotors (Figure 54). 


Check the relief valve spring tension. Refer to the 
appropriate Shop Manual for specifications. Since 
the oil pump components are not serviced 
separately, the entire oil pump must be replaced 
if any component is worn or is not within 
specifications. 


55 


OUTER ROTOR 
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Figure 54. Badly Worn Oil Pump Rotors Caused by 
Dirt or Foreign Particles 
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WHY DO ENGINES NEED LUBRICATION? 


When you look at the precision made engine 
components produced in today’s high-technology 
factories, they appear to be perfectly smooth and 
flawless. When viewed under a microscope, 
however, even the smoothest surfaces are 
composed of a series of jagged, irregular edges. 
When two moving parts, consisting of these 
uneven surfaces, begin moving against one 
another, they get hot and expand. As the motion 
continues, the hot parts begin tearing bits of 
metal, digging into each other. Eventually, the 
parts will get stuck and be unable to move. When 
this happens in an engine, it is said the engine 
has ''frozen" or “seized” The force that causes 
moving parts in contact with one another to heat, 
expand, and wear, is known as friction. 


Friction 


Friction is defined as the resistance to motion 
between two bodies in contact with each other. 
Any two moving parts will create friction. The 
amount of friction depends on the composition 
of the parts, the finish of their surfaces, the 
amount of movement, and the amount of pressure 
holding them together. (Note that in an internal 
combustion engine, bearing pressures are 
sometimes as high as 1,000 pounds or 450 kgs.) 
It is important to realize that any amount of 
friction will cause wear. In addition, friction will 
cause heat. Just as two sticks rubbed together 
can create fire, two moving engine components 
can create extreme amounts of heat, in some cases 
enough to melt bearings. 


There are two kinds of friction. The kind described 
in the first paragraph of this section is known as 
dry friction, because there is no substance 
between the surfaces of the moving parts. The 
kind found in automotive engines is known as wet 
friction. Wet friction occurs between moving parts 
whose surfaces have been treated with some type 
of substance. In automotive engines, this 
substance is oil. 
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Cil 

The primary purpose of oil in the engine is to 
lubricate moving parts in order to reduce friction. 
Oil has other functions, too. First, it also aids in 
cooling the components. Its constant flow 
throughout the lubrication system allows it to 
contact many moving parts. Each of these parts 
encounters friction, which causes them to become 
hot. As the oil strikes the hot component, it takes 
some heat away from the component. In addition 
to cooling, it also acts as a sealing agent. It forms 
a final seal for piston rings, for example. Because 
of the different cleaning agents in oil, it will also 
cleanse the engine, removing carbon and other less 
desireable substances. 


It is the job of the lubrication system to reduce 
the wear, heat, and other consequences caused by 
natural friction between moving engine 
components. 


Oil Composition 

Engine oil is produced from refined crude oil 
(petroleum) or a synthetic material. In order to 
keep the engine oil from becoming solid in 
extremely cold temperatures and from burning in 
extremely hot temperatures, chemicals are added 
to the oil. 


Oil performance is indicated by A.P.I. service 
designations. A.PI. stands for the American 
Petroleum Institute. There are currently seven 
А.РТ. categories for use in gasoline engines. They 
are SA, SB, SC, SD, SE, SF, and SG. The letter 
"S" describes oils for spark ignition (gasoline 
engines). Diesel engines use different oil 
classifications beginning with the letter “С” for 
compression ignition: CA, CB, CC, CD, and CE. 
Some oils have both an “S” and a “С” rating (such 
as SG/CE). These oils are suitable for both spark 
ignition and diesel engines. API classifications 
appear on all oil containers. 


* SA — Utility Gasoline and Diesel Engine 
Service 


This engine oil contains no additives and is a 
straight mineral oil. It has no use in modern 
automobiles. 
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* SB — Minimum Duty Gasoline Engine 
Service 


This engine oil contains few additives. It is not 
for use in modern automobiles. 


* SC — 1964 Gasoline Engine Warranty 
Maintenance Service 


This engine oil is similar to the oils used in 
gasoline engines that were built in the years 
from 1964 through 1967. The oil has additives 
that control rust, wear, and corrosion. 


* SD — 1968 Gasoline Engine Warranty 
Maintenance Service 


This engine oil provides even more protection 
against rust, wear, and corrosion than the SC 
designation. It is used mostly in car and light 
truck engines built from 1968 through 1970. 
Some automotive manufacturers also 
recommend it for use in some 1971 and later 
automobiles. 


e SE — 1972 Gasoline Engine Warranty 
Maintenance Service 


This engine oil has additives that provide 
superior protection against rust, wear, 
corrosion, and high temperature deposits that 
can result in oil thickening. The oil can be used 
in any engine for which SC or SD oil is 
recommended. It was recommended for 
vehicles built from 1972 through 1979. 


• SF — 1980 Gasoline Engine Warranty Service 


This engine oil contains additives that resist 
wear, corrosion, rust, and engine deposits. It 
was recommended for all car and light truck 
engines built from 1980 through 1988. It may 
be used in all engines for which SE, SD, or SC 
is recommended. 


* SG—1989 Gasoline Engine Warranty Service 


This engine oil provides even more protection 
against sludge deposits, oil thickening, and 
component wear. The oil can be used in any 
engine for which SE, SE, SD, or SC is 
recommended. SG oils are also high in 
detergent. They keep the engine clean by 
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preventing the formation of sludge and gum. 
Sludge is the thick, black, greasy substance 
that results when engine oil is contaminated 
with dust and water. Gum is the product of 
oxidized petroleum. It may accumulate 
anywhere in the engine or fuel system. 


Cil Viscosity 


Before it can perform its function — to separate 
engine components, reduce heat, clean and act as 
a seal — oil must have the appropriate viscosity. 
Viscosity is the resistance of a fluid to flow. In 
other words, it is the fluidity of the oil. Viscosity 
is measured by a viscosimeter. Oil is heated and 
then allowed to flow through a specific sized hole. 
The rate at which it flows determines the viscosity 
rating. The faster the oil flows, the lower the 
viscosity rating. 


The viscosity rating is very important. If an oil 
is too thick and flows too slowly, it will act as a 
good seal, but will not allow the moving parts to 
slide easily. This will make it difficult to start an 
engine. If an oil is too thin, lubrication of 
components will be inadequate, and the film that 
is needed to prevent contact of components will 
break down, causing wear. Since oils are thinner 
when hot and thicker when cold, the viscosity of 
engine oil is very important. The oil must be thin 
enough for a fast, smooth start, and thick enough 
to withstand high engine temperatures. 


The Society of Automotive Engineers (SAE) has 
set high and low temperature requirements for oil. 
If an oil meets the low temperature requirements, 
the letter ''W"' follows the viscosity rating (SAE 
5W). If an oil meets the high temperature 
requirements, there is no letter, simply the SAE 
rating (SAE 30). Some oils are multi-grade oils; 
in other words, multi-viscosity. This means they 
meet both high and low temperature SAE 
requirements. They are labeled SAE 5W-30, 
10W-30, etc. Often they are referred to as all- 
weather oils. 
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HOW THE SYSTEM WORKS 
Oil Pan 


When oil is poured into the engine, it flows into 
the oil pan, which acts as а sump, or reservoir, for 
the oil. Often the lowest portion of the oil pan is 
referred to as the sump. То prevent oil in the pan 
from sloshing as the vehicle moves, many oil pans 
utilize baffles, which keep the oil relatively level 
around the drain plug. The drain plug is usually 
located at the lowest point of the sump. 


The oil dipstick measures the level of oil in the 
oil pan. The stick is marked to indicate the correct 
level of oil and the level at which more oil should 
be added to the pan. 


Cil Pickup 


There are two commonly used methods of drawing 
oil from the oil pan, or sump, into the engine. 
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Some engines use what is called a floating pickup. 
As the name implies, this type of pickup floats 
with oil. As the oil moves from side to side when 
the vehicle is turned, the pickup follows the oil 
in the sump. By allowing the pickup to move, an 
adequate supply of oil is ensured. As oil level 
drops, so does the pickup, ensuring a constant 
flow of oil. Other engines use a rigid pipe that 
drops down into the oil pan. It avoids picking up 
sediment and deposits at the bottom of the pan 
by not extending all the way to the bottom of the 
pan. Both types of pickups use screens to keep 
out any large particles of sediment or deposits. 
Some screens have a backup system that is used 
if the screen becomes clogged. The backup system 
is a valve that opens when the screen is clogged, 
and allows the oil pump to bypass the screen and 
gather oil. 
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i Oil Pump rotors turn, pumping cavities are formed between 

М.У : the lobes of the rotors. These pumping cavities 
T are $ we 

here are two types of oil pumps that draw oil through the oil pickup and pressurize it 
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a driveshaft, a male and female rotor, and a and recirculate inside it. Instead, the oil that 
pressure relief valve (Figure 56). The oil pump is enters the oil pump through the inlet must exit 
located in the oil pan, and is driven by the the pump through the outlet 

distributor through the driveshaft. As the two | 
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Gear-type pump This con- 
tains a pair of meshing 
gears revolving in a closely 
fitting housing. Oil fed in at 
one side is carried round 
the edge and out at the 
other side. 
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Rotor-type pump The Figure 56. Oil Pump Assembly 


inner rotor meshes inter- 
nally with the outer one, 
which has one more lobe. 
The two have different axes 
of rotation, so the spaces 
vary in size, causing oil to 
be drawn in and forced out. 


Figure 55. Oil Pumps 
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Oil Filter 


As mentioned earlier, all oil leaving the oil pump 
is sent to the oil filter. The oil flows through the 
filter, and then on to lubricate the engine. This 
is what is known as a full-flow filtering system. 
No oil reaches the engine without being filtered. 
The ensures that no small particles of dirt or metal 
carried in the oil will reach the close-fitting engine 
parts. 


The filter element and container are made as 
a unit, with a seal built in at the point the filter 
assembly contacts the block. The filter assembly 
threads directly onto the main oil gallery tube, 
eliminating external oil leaks and the possibility 
of oil leakage under pressure. The oil from the oil 
pump enters the oil filter on the outside of the 
element, passes through the element to the center 
of the filter, and into the main gallery. 


Ford filters also contain an anti-drainback 
diaphragm (Figure 57). This diaphragm keeps the 
oil filter primed, or full of oil, when the engine is 


ANTI-DRAINBACK DIAPHRAGM 
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BYPASSING 


BYPASS 
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not running. Keeping the oil filter primed allows ^^" 
the engine to require less time for the oil to reach 

the engine bearings when the engine is restarted. 

The diaphragm covers all the filter inlet holes from 

the inside. Oil pump pressure easily moves the 
diaphragm to open the filter. When pump pressure 
stops, the oil within the filter pushes the 
diaphragm closed, stopping the oil. 


There is one possible drawback to full-flow oil filter 
systems. If the filter is not changed at the proper 
time it can become blocked. The blocked element 
will restrict oil flow reaching the bearings and 
damage could occur. To overcome this drawback, 
Ford filters have a built-in bypass valve. Should 
the element become blocked, oil pressure will build 
at the filter inlet. This increase in pressure will 
open the valve and the oil can flow unfiltered to 
lubricate the engine. At this point, unfiltered oil 
is better than no oil at all. Replacing the filter will 
return the lubrication system to its normal 
operation. 


FULL-FLOW FILTER 


TO ENGINE 
PASSAGE 


Figure 57. The Oil Filter 
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Engine Oil Passages 


After oil passes through the filter, it travels under 
pressure through oil passages drilled into the 
cylinder block, cylinder head, crankshaft, and 
camshaft (Figure 58). The main oil gallery runs 
lengthwise through the cylinder block, and most 
other galleries attach to it. There are usually oil 
plugs at each end of the main oil gallery. These 
plugs are removed for gallery cleaning during 
engine overhaul. 


Oil in the galleries travels first to the crankshaft 
and camshaft journals. Holes in the crankshaft 
allow oil to travel to the connecting rod journals. 
In some engines, the rods are drilled their full 
length to allow oil to flow to the wrist pin 
bushings. Sometimes there are spurt holes in the 
connecting rods that allow oil to lubricate the 
cylinder walls. 


All bearings are oiled either by having oil pumped 
into them or splashed onto them. Oil reaches the 
bearing through a hole drilled in the bearing 
insert. The oil passes through the journal and is 
pulled around between the journal and the 


^ bearing. Oil is continuously forced through the 


bearings. It is thrown outward as it leaves the 
bearing, which allows a fine mist to lubricate 
surrounding parts. In order for bearings to 
perform properly, it is important they maintain 
a precise clearance. The clearance must be loose 
enough for oil to enter but tight enough to prevent 
knocking. Timing gears, lifters, and rocker arms, 
where used, are also oiled. All oil eventually flows 
back into the oil pan. 


Oil also travels to hydraulic valve lifters that are 
used in many engines. Pressurized oil is forced to 
enter the tappet when the valve is closed. The 
plunger in the tappet extends, to eliminate valve 
clearance. As the camshaft lobe turns, and begins 
raising the lifter, oil is forced upward at the 
bottom of the lifter. This force causes the ball 
check valve to close and prohibits oil from exiting. 
The oil cannot be compressed, and consequently 
as the valve opens, it is actually lifted by a column 
of oil and supported there while the valve is open. 
As the cam lobe turns and draws the lifter 
downward, the spring causes the valve to close, 
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and oil pressure in the tappet is relieved. Oil is 
continually replaced in the bottom of the engine 
by oil pressure from the lubrication system. 


REDUCED 
PRESSURE 


FILTER 


Figure 58. Engine Oil Passages 


Oil Seals and Gaskets 


Oil seals and gaskets are used throughout the 
engine to prevent both external and internal oil 
loss. The most common materials used for sealing 
are synthetic rubber, soft plastics, fiber, and cork. 
In critical areas, these materials may be bonded 
to metal. 


Engine Oil Pressure 


Rotor-type oil pumps produce high oil pressure 
when the engine is cold (cold start-up) and higher 
pressures as the pump turns faster (high engine). 
Pressure that is too high, however, could damage 
the oil filter and other seals. Consequently, the 
pump incorporates a pressure relief valve in the 
housing. This relief valve is a spring-type valve. 
When the pressure from the pump is greater than 
the spring pressure, the relief valve pushes the 
valve off its seat. Excess oil pressure passes the 
valve, and the oil is returned to the crankcase. 


The lubrication system in Ford engines operates 
at a pressure of 275 kPa (40 psi) to 414 kPa (60 
psi). Oil at full pressure is delivered through the 
oil galleries to the main bearings, connecting rod 
bearings, camshaft bearings, and hydraulic lifters. 
Other parts of the engine receive oil at a lower 
pressure. This reduction in pressure is achieved 
by restricting the size of the oil passages. Areas 
that receive oil under lower pressure are the push 
rod ends, shaft pivoted rocker arms, and some 
distributor shafts. 


Oil returning to the oil pan is also used for 
lubrication. Areas receiving this non-pressurized 
lubrication are the timing gears, sprockets, timing 
chain, solid tappets, and cam lobes. 


All engines have some sort of oil pressure 
indicator. This indicator may be in the form of a 
gauge, which indicates the engine oil pressure at 
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all times, or it may be a warning light which will 
come on anytime the engine is running with 
insufficient oil pressure. The warning light is the 
most common oil pressure indicator. 


POSITIVE CRANKCASE VENTILATION 


In all engines there is a small amount of hot 
gases blown by the pistons and piston rings 
and into the crankcase. This causes high pressure 
inside the crankcase, which could damage the 
engine gaskets and seals. In addition, high 
pressure could cause oil to escape past the oil 
seals. The high pressure gases also cause 
moisture and sulphuric acid to develop in the oil. 
To prevent pressure from damaging gaskets and 
seals and to prevent blowby gases from 
contaminating and breaking down the oil, a 
crankcase ventilation system must be 
incorporated. 


Older engines used a breather cap and a road draft 
tube for this purpose. A road draft tube is a pipe 
used to carry the unwanted gases to the 
atmosphere. The system worked well, but added 
to air pollution in addition to dripping oil. 


In order to meet current emission standards but 
still perform the crankcase ventilation function, 
a positive crankcase ventilation (PCV) system is 
a part of most lubrication systems today. This 
system will be described in detail later in the 
material. 
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COOLING SYSTEM 


An engine produces tremendous heat during 
operation. Combustion temperatures in excess of 
2204° C (4000° F) can be generated by the burning 
air fuel mixture. However, normal operating 
temperatures run around 1204° C (2200° F). With 
these high temperatures, it is imperative that the 
cooling system of an engine functions properly. 


NOTE: The terms water and coolant will be 
used interchangeably throughout the text in 
this section. 


Approximately 33% or one-third of the heat 
generated by combustion is carried off through 
the exhaust. The engine requires additional 
cooling, however, to operate without over-heating, 
or causing irreversible component damage. Metal 
components hold heat. Therefore, it is essential 
that this heat be controlled. This is the purpose 
of the cooling system. 


A cooling system should be able to transfer excess 
heat effectively in order to serve its purpose. This 
is not to say that the cooler an engine is the better 
it will run. If an engine is too cool it will be 
inefficient. Poor fuel mileage, premature 
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THE COOLING SYSTEM 


component wear, blowby contamination, carbon 
deposits, and a sacrifice of horsepower would all 
be associated with an engine running too cool. The 
engineers design the system not to run too hot 
or too cool. 


THE MAJOR CONSIDERATIONS FOR A 
COOLING SYSTEM ARE: 


1. Maintain an optimum or desired operating 
temperature under all conditions. 


2. Efficiently remove excess heat from the 
system. 


3. Bring an engine, on start-up, to the desired 
operating temperature as soon as possible. 


All Ford engines are water cooled. Engines that 
are water cooled have water passages running 
throughout the cylinder block and cylinder head. 
These passages are cast in areas which require a 
heat transfer for protection. When water is placed 
in these passages it is referred to as a water jacket. 
This is because the water routings surround the 
cylinders, and water travels by the combustion 
chamber and cylinder head (Figure 59). 


CYLINDER HEAD 
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Figure 59. Cooling System Circulates Coolant 
Through the Engine 
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THE COOLING SYSTEM 


HEAT TRANSFER 


As the engine operates, water is being circulated 
around the cylinder head and cylinder block to act 
as a transfer medium for excess engine 
temperatures. When the combustion temperatures 
start to rise, this heat is transferred to the metal 
components very quickly. These components have 
water passages running through them. The heat 
is transferred from the combustion chamber to 
the metal, to the water, and also to the outside 
of the engine (Figure 60). If the water were to 
remain stationary, it would hold only so much 
heat before it would boil away. The engine needs 
a system that will circulate the water through the 
water passages to carry off excess heat (Figure 61). 
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Figure 60. Transfer of Heat – Water Not Circulating 
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Figure 61. No Circulation “А” -vs- Circulation “В” 


CIRCULATION 


Water circulation is very important. The water 
must circulate effectively through the water 
passages. If t!.ere are spots in the passages that 
do not circulate the water then you have what is 
referred to as a “Hot Spot.’ Hot spots can cause 
damage to the engine. The coolant must flow 
around the cylinders, up through the cylinder 
head, and back to the radiator (Figure 62). This 
task is accomplished by the water pump. 
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Figure 62. Basic Cooling System 
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WATER PUMP 


In order to circulate the water or coolant, a pump 
is necessary Most water pumps are the 
centrifugal type which utilizes an impeller. An 
impeller consists of a round plate fastened to a 
rotating shaft. Attached to the plate are a series 
of flat or curved vanes (Figure 63). When the 
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Figure 63. Basic Water Pump Impeller Operation 
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impeller rotates, water is thrust outward. By 
placing a specially designed housing around the 
impeller, the water flow coming into and leaving 
the impeller can be controlled to give efficient 
circulation. The incoming water would first hit the 
vanes and be thrown outward by the rotating 
motion of the impeller (Figure 64). 
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Figure 64. Impeller-Type Water Pump 
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Pump Composition 


Most pump housings are made of cast aluminum 
for weight reduction. The impeller shaft is 
supported by ball bearings. Usually a sealed type 
of bearing is used to prevent water leakage (Figure 


IMPELLER 


65). A hub and damper are attached to the part 
of the shaft that is external to the engine. A pulley 
and fan are bolted to the hub and turn the pump 
shaft for most rear wheel drive applications. 


BEARINGS 


Figure 65. Water Pump Construction 
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FAN OPERATION 


On older vehicles the fan was a direct drive and 
always turned at or near engine speed. At high 
speeds the fan is of little or no value and steals 
from engine horsepower. То keep the fan from 
taking away horsepower, the viscous fan hub or 
drive clutch was introduced (Figure 66). This unit 
is mounted between the fan and the water pump 
pulley. It allows the fan to turn at engine speed 
when idling or at low speed, but to turn far below 
engine speed at high rpm. This also reduced fan 
noises at high speed. 


The viscous drive is a type of fluid coupling. The 
term “viscous” refers to the viscosity or thickness 
of the fluid in the drive. This fluid applies a form 
of hydraulic lock between the fan and drive pulley 
at low engine speed. The viscosity of the fluid, 
combined with a bimetal thermostat, is 
engineered to disengage the fan at a specified rpm, 
and the fan then no longer keeps up with the 
engine. The thermostat responds to air 


FLAT BIMETAL STRIP 


temperature and moves a valve which controls the 
amount of fluid available to form the hydraulic 
lock. 


On newer vehicles, the cooling fan is often driven 
by an independent electric motor rather than the 
crankshaft. 


A cooling fan that is driven by an electric motor 
is known as an electro-drive cooling fan. The 
electrical circuit that controls this fan generally 
includes a modular solid state unit called a cooling 
fan controller. In a few cases this controller will 
be replaced by a coolant temperature switch. In 
any case the operation time of the motor and fan 
will be determined by the controller or switch 
measuring coolant temperature. 


The electro-drive cooling fan is used on both front 
and rear wheel drive vehicles and can also be used 
in conjunction with a crankshaft driven fan to 
provide additional cooling for turbocharged rear 
wheel drive vehicles. 
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Figure 66. Flex-Fan and Drive Clutch 
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THE COOLING SYSTEM 


BELTS 


Older vehicles utilized the V-belt design. These 
very thin, V-shaped belts are easily recognized 
(Figure 67). The newer vehicles use ribbed belts 
which are much flatter and wider than the V-belt. 
The ribbed side of the belt contacts the pulleys 
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Figure 67. V-Belt Construction 
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(Figure 68). The ribbed belts are much better in 
design due to the fact that there is more surface 
area to drive the pulleys. This reduces belt noises 
and slipping. The belts also drive other accessories 
such as the alternator and power steering pump. 


ZN 
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Figure 68. Ribbed Belt 
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RADIATORS 


When coolant has circulated through the engine 
and is sent back to the radiator, it has absorbed 
а lot of heat. It will reach temperatures in excess 
of approximately 93? C (200? F). If the water were 
not cooled down before going back to the engine, 
it would just keep getting hotter until it started 
to boil. So the coolant must be allowed to release 
some of the heat it has gained from the engine. 
This is the purpose of the radiator. As the hot 
water leaves the engine, it enters the top of the 
radiator. The coolant then flows down tiny copper 
tubes. These tubes have little fins that run their 
entire length (Figure 69). The heat in the water 
transfers itself to the copper tubes and fins. These 
tubes and fins are referred to as the core. The fins 
release their heat to the air passing by the fins. 
By the time water reaches the bottom of the 
radiator it is cool enough to be recirculated back 


COOLANT FLOW 


DIRECTION 
OF FLOW 


through the engine. However, when a vehicle is 
idling for long periods of time there is not 
sufficient airflow through the radiator. This is the 
purpose of the fan. It draws air though the 
radiator fins and over the engine to help cool the 
engine at idle or low (Figure 70). 


There are two different types of radiator design. 
One is the cross-flow radiator and the other is the 
down-flow radiator. The name implies which way 
the coolant flows in the radiator. In the cross-flow 
system, the water enters the top of the radiator 
and flows horizontally toward the outlet (Figure 
71). In the down-flow system, the water enters the 
top of the radiator and flows downward to the 
outlet (Figure 72). Hoses attach the radiator to 
the engine. They come in variety of shapes and 
sizes depending upon the engine application. 
There are also a variety of clamps used to hold 
the hoses in place. 
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Typical radiator. Water enters the top hose con- FLOW 
nection 4, then passes into top tank 3. From there it flows down 
through core tubes 5. When it reaches bottom tank 6, it has cooled 
and return to the engine. 
1—Filler neck. 2—Overflow tube. 7—Lower hose 
connections. 8—Drain petcock. Not shown are thin fins soldered 
to core tubes. 
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Figure 69. Typical Radiator Flow and Designs 
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THE COOLING SYSTEM 
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Figure 70. Air Cooling 
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Figure 71. Coolant Flow – Cross Flow Radiator 
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Figure 72. Coolant Flow - Down Flow Radiator 
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THERMOSTAT 


The system thus far would always cool at a 
constant rate, but there are many driving and 
weather conditions that affect the temperature of 
the engine. Therefore, some type of temperature 
control is necessary for the different types of 
ambient and engine load conditions that are 
encountered. This is the job of the thermostat. 


When an engine is cold, the thermostat restricts 
the flow of water to the radiator and confines it 
to the engine only. The water temperature will 
then rise to a specified operating temperature, and 
the water will then circulate through the radiator 
(Figure 73). Restricting the water flow on a cold 
engine quickly raises the engine temperature to 
a proper operating range in a minimum amount 
of time (Figure 74). Remember that when an 
engine is too cold it is inefficient. The thermostat 
is usually placed directly beneath the top water 
outlet on the engine. Most thermostats are the 
pellet type, consisting of a small cylindrical case 
containing a pellet of copper filled with a special 
wax. At certain temperatures the wax will expand 
and bring the thermostat valve off its seat 
allowing warm water to pass (Figure 75). When 
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Figure 73. Thermostat Operation - Hot Engines 
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the engine is cold the thermostat valve stays 
closed (Figure 76). As the engine coolant warms, 
the wax pellet is heated. With this special 
temperature sensitive wax, the coolant is 
monitored and opens and closes the thermostat 
depending on coolant temperature. This gives the 
engine a more constant temperature under a wide 
variety of conditions. 


Thermostats are preset to begin opening at a 
specified temperature. The temperature that the 
thermostat begins to open is stamped on the 
component (Figure 77). For example, a thermostat 
marked 82° C (180° F) will begin to open at 80° 
C (177° F) and will be fully opened at about 94° C 
(200° F). 


Different size engines require thermostats with 
different temperature ratings. Always install the 
recommended thermostat to ensure efficient 
engine operation. Never operate the engine 
without a thermostat. Even when the thermostat 
is in its most open position, it still has a certain 
amount of water restriction associated with it. 
This is necessary to eliminate hot spots and to 
ensure that the coolant remains in the engine long 
enough to absorb the excess heat. 
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Figure 74. Thermostat Operation - Cold Engine 
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Figure 75. Pellet-Type Thermostat - Open 
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Figure 76. Pellet-Type Thermostat - Closed 
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Figure 77. Temperature Rating - 180°F 


COOLANT 


Water will boil at 100° C (212° F) at sea level. 
Using a 50/50 mixture of antifreeze and water will 
raise the boiling point only somewhat. In order 
to bring the boiling point to a safe level, it is 
necessary to pressurize the system. When any 
fluid is pressurized, the boiling point of that fluid 
is raised or it takes more heat to make it boil. This 
is the function of the radiator cap. 


THE COOLING SYSTEM 


RADIATOR CAP 


The radiator cap pressurizes the cooling system. 
If we install a pressure cap rated at 100 kpa (14.7 
psi), we will raise the boiling point to about 125° C 
(257° F). This adds a comfortable margin between 
the engine operating temperature and the boiling 
point of the coolant. This also explains why you 
never open the cap of a radiator after the engine 
has been running. Even though the coolant is not 
boiling under pressure, as soon as the pressure is 
released, it will boil. 


The cap has two valves built into it: the blow off 
valve and the vacuum valve (Figure 78). Both 
valves are spring loaded to relieve the system of 
either excess pressure or vacuum. Should the 
pressure go above the cap rating, the blow off 
valve will open and vent the excess pressure. On 
the other hand, when the coolant is heated it 
expands, and when it cools it condenses. The 
condensing coolant may cause a vacuum to be 
created. If the vacuum valve were not added to - и 

the cap it could collapse the radiator. Figure 78. Radiator Cap Design 
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COOLANT RECOVERY SYSTEM 


Most new systems incorporate a vapor recovery 
or constant-full reservoir with any type of radiator. 
The reservoir is connected to the overflow hose. 
Should the coolant in the radiator expand and 
open the blow off valve in the radiator cap, the 
coolant will be collected in the reservoir (Figure 
79) rather than being lost to the ground. As the 
system cools and a vacuum is created, the coolant 
in the reservoir is drawn back into the radiator. 
This type of system is self-recovering or 
constant-full. 


Some vehicles may be equipped with a semiclosed 
system. With this type of system the coolant level 
is checked and coolant is added to a 
nonpressurized plastic reservoir. Semiclosed 
systems are plainly identified by a warning label 
on the radiator cap. The cap is not to be removed. 
All maintenance of the coolant is done through 
the reservoir (Figure 80). 
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Figure 79. Constant-Full Cooling System 
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Figure 80. Semiclosed System 


MAINTENANCE 


The cooling system is relatively simple but it is 
also vital to proper engine operation. It is very 
important that the system stay intact. Make sure 
that the coolant is always at the appropriate level 
and is changed at the recommended intervals. If 
repair is necessary, use the same component or 
an equivalent. 


COOLING QYPTEM WORKSHEEL® 
y 


Directions: Using the component list below identify the sections of the coolant system diagrammed 
by placing the letter on the diagram in the space after the component name. 


. Water Pump 
. Cooling Fan 


.Pressue Сар À — 

. Downflow Radiator os 

. Thermostat v —. 

‚ Water Jackets __ A 

. Lower Radiator MA b 


. Upper Tank 


OMAN OAARWN > 


. Lower Tank 


10. Upper Radiator Hose a a 
11. Overflow Hose ____-& _ 
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FUEL SYSTEMS 


FUEL DELIVERY 
Fuel Tank 


The fuel tank is a storage device for gasoline or 
gasoline mixtures (Figure 81). By storing a certain 
quantity of fuel, the vehicle has the ability to 
travel long distances without frequent stops for 
refueling. The fuel tank has a fuel inlet or filler 
neck that allows for quick refueling of the vehicle. 
It also has a fuel outlet and fuel return 
connections. There is a stationary fuel pick-up 
tube mounted in the tank that is part of the fuel 
outlet. The fuel tank performs several functions. 
The first of these is to store the fuel for the vehicle. 
It also prevents fuel vapors from escaping into 
the atmosphere and causing pollution, and helps 
keep the vapors separated from the liquid fuel. 
This is necessary for proper operation of the fuel 
delivery system. 
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Fuel Filter 


Filtering the fuel is necessary to avoid clogging 
or restricting the fuel mixing device. This includes 
carburetors and fuel injectors. A small obstruction 
to the flow of fuel can greatly affect fuel delivery. 
Any change in fuel delivery from optimum 
conditions can and will reduce performance and 
mileage and increase exhaust emissions. The fuel 
filter is used to filter the impurities out of the fuel 
before it reaches the fuel mixing device. The 
filtering element can remove solid impurities as 
small as several microns in size. A micron is one 
thousandth of an inch in diameter. The fuel filter 
can be located near the fuel tank or near the fuel 
mixing device. Some systems use two filters: 
primary and secondary. In these systems the 
primary filter removes the larger impurities and 
the secondary filter removes the smaller 
impurities. Fuel filters should always be replaced 
at the recommended service interval or sooner if 
suspected of being clogged. 
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Figure 81. Fuel Delivery System 
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FUEL SYSTEMS 


Fuel Line 


The fuel line routes the fuel from the fuel tank 
to the fuel mixing device. It can be made of small 
diameter steel tubing with rubber hose 
connections. Sometimes braided steel lines are 
used for connections. These flexible connectors are 
necessary for isolating vibrations from the solidly 
mounted steel tubing. They also assist in 
component replacement by being flexible. The fuel 
line should not have any restrictions to the flow 
of fuel. This means there should be no kinks, flat 
spots, or sharp bends in the line. Mounted in the 
fuel line is the fuel filter and sometimes the fuel 
pump. 


Fuel Return Line 


The fuel return line routes excess fuel from the 
fuel mixing device back to the fuel tank. Fuel is 
returned to the fuel tank because the fuel pump 
pushes an excess amount of fuel. This is needed 
to supply enough fuel during high fuel use periods 
(heavy load, wide open throttle). The movement 
of this fuel helps keep the fuel cooler than if it 
was standing in the hot engine compartment. This 
reduces the chances of vapor lock and keeps an 
adequate supply of fuel available. These steps are 
necessary because modern automobiles are more 
fuel efficient. This means that the fuel in the lines 
would absorb more heat because of reduced 
movement without the return system. Modern 
vehicles also have higher operating temperatures 
in the engine compartment due to emission 
requirements. This also contributes to the need 
for fuel circulation and the fuel return line. 


Fuel Pumps 


A fuel pump is needed to move the fuel from its 
storage point, the fuel tank, to where it is 
combined with air for combustion. The fuel pump 
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is mounted in the fuel line. The fuel pump pulls 
the fuel from the fuel tank into the pump. The fuel 
pump then pushes the fuel, under pressure, to the 
fuel mixing device. In a system that uses a 
carburetor, a mechanical fuel pump is used. This 
pump is driven by a separate lobe on the 
camshaft. It uses a lever arm that compresses a 
spring in the pump housing. When the arm 
returns, the spring pushes against a diaphram. 
The diaphram is a flexible membrane that fuel 
cannot penetrate. Opposite the diaphram are one 
way valves. There are valves that let fuel into the 
pump chamber and there are valves that let fuel 
out of the pump chamber. When the spring is 
compressed, fuel enters the fuel chamber through 
the one way valves. When the spring pushes the 
diaphram back to its original position, the fuel is 
forced out the other set of one way valves. The 
fuel being forced out of the pump is under the 
same pressure as the pump spring. This means 
a stronger spring would increase fuel pressure. 
Mechanical fuel pumps usually operate at 5 to 7 
(pounds per square inch) pressure. 


In fuel injection systems an electric fuel pump is 
used. This style of pump is needed because of the 
higher fuel pressures necessary for proper system 
operation. The electric fuel pump utilizes a sealed 
electric motor that drives a vane or roller style 
pump. It can be located in the fuel tank or in the 
fuel line. Certain fuel injection systems use both 
in-tank and in-line pumps. Electric fuel pumps 
come in low and high pressure versions. The low 
pressure version operates at 14.5 psi. The high 
pressure version has an operating pressure of 39 
psi. Both styles of electric fuel pump have an 
internal relief valve. This valve vents excess fuel 
pressure back into the fuel tank in cases of fuel 
line restriction. 


PARTIAL VACUUM AND 
ATMOSPHERIC PRESSURE 


When dealing with partial vacuum and pressure 
differences on the earth, there are several points 
to remember. The first is that there is no such 
thing as a true vacuum, only partial vacuums. 
This is because in a true vacuum there is nothing 
at all, a situation which can occur only in outer 
space. Second, pressures move from high pressure 
areas to low pressure areas. Pressure wants to 
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equalize itself and have no pressure differences. 
In carburetion, the partial vacuums are actually 
a low pressure area. The pressure of the 
atmosphere is 15 psi at sea level (Figure 82). This 
atmospheric pressure pushes air and fuel to low 
pressure areas, which we call partial vacuum areas. 
This means that the air and fuel are actually 
pushed by the atmospheric pressure and not 
pulled by the vacuum, as is commonly thought. 


Figure 82. Atmospheric Pressure 
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CARBURETION 
Ideal Air/Fuel Ratio 


When combining air with fuel, there is an ideal 
amount of both that will give us optimum 
combustion. The ideal air to fuel ratio is 14.7:1 
by weight (Figure 83). This is also known as the 
stoicheometric ratio. Simply stated, if we combine 
14.7 pounds of air with 1 pound of fuel we will 
have the best mix for complete combustion. If we 
were to combine the air and fuel by volume, it 
would take 9000 gallons of air to burn 1 gallon 
of fuel at the ideal ratio. But needs of the engine 
vary from the ideal ratio during operation. During 
cold start-up the air/fuel ratio should be near 8:1 
for proper operation. During heavy load periods 
such as accelerating or climbing a hill, a richer 
(8:1) air/fuel mixture is also required. During light 
load conditions, such as steady cruising or low 
speed/part throttle operation, the air/fuel mixture 
needs to be leaner (less fuel) or a ratio of about 
15:1. 
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Figure 83. Ideal Air/Fuel Mixture 


Venturi and Manifold Vacuum Utilization 


To draw fuel into the engine and mix it with the 
incoming air we need a partial vacuum. То obtain 
a partial vacuum we can restrict the flow of air 
through the carburetor throat (Figure 84). This 
restriction is called a venturi. The venturi is a 
smaller diameter opening than the rest of the 
carburetor throat. There is a smooth taper leading 
to the venturi and a smooth taper leading away 
from it. At the point of greatest restriction is the 
largest partial vacuum. In order for the air to flow 
through the venturi, the air has to speed up to 
maintain the same amount of air moving into the 
engine. As the air passes through the venturi it 
is accelerated. The accelerated air moves faster 
than the air directly behind it, leaving a gap in 
the air. This gap is an expanded volume, and 
expanding volumes create a low pressure or partial 
vacuum. At the center of the venturi is the fuel 
delivery tube. The partial vacuum formed by the 
venturi allows atmospheric pressure to force fuel 
up the delivery tube. It is at this point that the 
fuel is mixed with the incoming air. Without the 
venturi, an adequate source of partial vacuum is 
not available. 


Another source of vacuum is located directly 
beneath the throttle plates in the carburetor. This 
vacuum source is used to operate and actuate 
other systems on the engine and vehicle. 
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Figure 84. Venturi Principle 
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Fuel Atomization and Vaporization 


Before fuel can be burned in the engine it must 
be mixed with the correct amount of air. It must 
also be in the correct form to be combined with 
the air. Liquid fuel will not mix with air; it will 
fall out of suspension. We need to prepare the fuel 
for mixing with the incoming air. To do this we 
need to break the fuel into tiny droplets (Figure 
85). This can be done in the fuel delivery tube 
(Figure 86). By placing a small hole in the tube 
below the level of the fuel, air will bubble through 
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Figure 85. Fuel Atomization and Vaporization 


the fuel. This causes less fuel to travel up the 
delivery tube. It also causes the fuel to be broken 
down into the small fuel droplets that we want. 
This process is called atomization. As the 
atomized fuel droplets are introduced into the 
rapidly moving air in the venturi, they are broken 
down even further. The atomized fuel droplets are 
then vaporized. This means they are separated 
into the smallest form that they can achieve. This 
vaporized fuel readily combines with air to form 
a combustible mixture. In fuel injection systems 
the fuel is sprayed out of the injector nozzle in 
an atomized condition. Due to injector design, no 
air is introduced into the fuel prior to its delivery 
at the nozzle The atomized spray from the 
injector is vaporized in the same manner as the 
fuel in a carbureted system. A benefit of fuel 
atomization and vaporization is that as the fuel 
changes from a liquid to a vapor, heat is absorbed. 
This cools the incoming intake charge and creates 
a denser air/fuel charge that fills the cylinders 
more fully The increased amount of air/fuel 
mixture in the cylinder helps improve volumetric 
efficiency. 


FUEL DELIVERY TUBE 


Figure 86. Fuel Delivery Tube 


81 


Carburetor Design and Operation 


There are seven main systems of carburetor 
operation: float, choke, idle, low speed, main 
metering, enrichment, and acceleration. Each will 
be covered by itself, however during actual engine 
operation most systems overlap. 


The float is contained in the fuel bowl (Figure 87). 
It is made of hollow brass or phenolenic resin. 
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Each is lighter than the fuel and will float in the 
fuel. The float is connected to a pivot on one end. 
Riding on the pivot arm is a needle with a 
matching seat. When the needle is off the seat fuel 
enters the fuel bowl. As the fuel enters, the float 
rises and forces the needle into its seat, stopping 
the flow of fuel. This system maintains the fuel 
at the preset level. The float bowl is a reservoir 
of fuel for all fuel systems in the carburetor. 


NEEDLE 
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Figure 87. Float System 
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The choke is necessary for fuel enrichment during 
cold start-up. It is a small plate that is located 
in the top of the carburetor (Figure 88). The choke 
restricts the flow of air through the carburetor 
when closed. This forces more fuel out of the fuel 
delivery tube because a large pressure difference 
is present below the choke plate. This creates a 
large partial vacuum with the only passage for 
flow being the fuel delivery tube. When the engine 
starts, the choke plate is opened a predetermined 
amount for smooth operation. As the vehicle 
warms up, the choke plate is opened further. The 
choke continues to open until it is wide open on 
a warmed engine. As the choke is opening, the 
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air/fuel mixture is being leaned out until the ideal 
ratio is achieved on a warm engine. The choke can 
be operated by different actuating devices. Most 
chokes operate off of a bimetalic, circular wound 
spring (Figure 89). Two different metals are 
sandwiched. When heated, one metal expands 
further than the other. The expansion of the one 
metal further causes the spring to move in an arc. 
This movement opens the choke plate as the 
spring is warmed. The spring is warmed by either 
exhaust manifold heat routed to it or by an 
electrical heating coil in the spring housing. 
Certain systems use a combination of both styles. 
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Figure 88. Choke System 
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Figure 89. Choke Spring 
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w The idle system supplies fuel to the engine during when they are closed. During idling a small 
idling conditions. This is the only fuel delivery amount of fuel is allowed to pass out the idle port 
system in operation during idle speed. There is (Figure 90). This amount is controlled by the idle 
insufficient airflow to cause the venturi and main adjusting screw. As soon as the throttle blades 
fuel delivery system to operate. The idle system are opened, there is insufficient vacuum to allow 
has its own discharge port, called the idle port. atmospheric pressure to force fuel out of the idle 
It is located directly below the throttle blades port. 
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MIXTURE 
ADJUSTING 
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Figure 90. Idle System 
wW 
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The low speed system operates as the idle system 
is stopping, but before the main metering system 
is operational. The low speed system is a very 
narrow slot aligned vertically. This slot starts just 
above the throttle blades and travels upward 
about 1/4 to 3/8 inches. The low speed system 
draws fuel from the same passageways as the idle 
system (Figure 91). These are separate from the 
main metering system. As the throttle is opened, 
the slots are exposed to the low pressure that is 
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present in the intake manifold. When exposed to 
the low pressure, fuel is forced out of the slots into 
the passing airstream. When more of the slot is 
exposed as the throttle plates open, more fuel 
flows out of the exposed plates open, more fuel 
more or less of the slot, fuel delivery is tailored 
to the engine demand during operation of the low 
speed system. When the throttle blades are 
opened past the slots, there is not enough vacuum 
for the system to operate and fuel flow stops. 


Figure 91. Intermediate System 
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‚ The main metering system begins its operation 
as the low speed system ceases to function. This 
is brought about by opening the throttle blades 
far enough for the venturi effect to start. When 
airflow is sufficient through the venturi, a partial 
vacuum is formed at the main discharge nozzle 
(main fuel delivery tube). This partial vacuum 
allows the fuel to be pushed up through the main 
metering passages and into the passing airflow 
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(Figure 92). The main jet is located at the opening 
to the main metering passages. Main іеі size 
determines the amount of fuel that passes 
through the system. The main jet does not 
regulate fuel flow through any other fuel delivery 
system. When the main metering system is 
operational the low speed system does not 
operate. 
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Figure 92. Main Metering System 


If the engine is put under a heavy load while 
operating on the main metering system, 
additional fuel will be required. To take саге of 
these situations, an enrichment system is used. 
The enrichment system bypasses the main jet and 
supplies additional fuel to the engine (Figure 93). 
This can be accomplished two ways. The first is 
by vacuum power enrichment. When heavy loads 
are encountered, the manifold vacuum decreases. 
When the predetermined vacuum level is reached, 
a spring loaded diaphram pushes a valve open. 
This valve allows extra fuel into the main 
metering channel. This fuel is in addition to the 
fuel traveling through the main jet. The two 
sources of fuel are enough to supply the demand. 
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In the second operating system, a movable rod 
called a main meter rod is used. The main 
metering rod has different diameters on each end 
(Figure 94). The end sticks part way into the main 
jet and restricts fuel flow. When high load 
situations call for additional fuel, the metering rod 
is lifted upward. This pulls the larger diameter 
portion of the rod out of the main jet, thus 
allowing for additional fuel flow in the main 
metering system. The metering rod can be 
actuated by vacuum operated linkage or by the 
throttle linkage. The power enrichment system 
only operates when the main metering system is 
operating. 
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Figure 93. Power Enrichment System (Vacuum Only) 
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Figure 94. Power Enrichment System 
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When the throttle is snapped open, a severe lean 
condition occurs. The engine will hesitate, stall, 
backfire, or do any combination of these. To 
compensate for the lean condition an accelerator 
pump is used. The accelerator pump squirts a 
stream of fuel into the venturi area of the 
. carburetor when the accelerator is depressed 
(Figure 95). This stream of fuel is drawn in by the 
rushing air flow. It combines with the air and a 
rich mixture is provided for acceleration. The 
accelerator pump is actuated by the carburetor 
linkage. There are two styles of accelerator pump. 
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The first is a diaphram type pump. Fuel is 
admitted to the pump chamber by arubber check 
valve (elastomer valve). When the throttle is 
opened, the linkage pushes against a spring. This 
spring pushes the fuel out at the venturi area. A 
return spring returns the diaphram to its original 
position when released. The other style of 
accelerator pump uses a piston to push the fuel. 
Each system works equally well. They both use 
а check valve to stop fuel from being siphoned out 
of the accelerator pump well when the pump is 
not forcing fuel to the engine. 
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Figure 95. Accelerator Pump System 
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Current carbureted systems use a feedback 
carburetor that is controlled by an Electronic 
Control Assembly (ECA) for reduced emissions 
and increased performance and economy. Another 
addition to recent carburetors is an altitude 
compensator. Air becomes thinner as altitude 
increases. When the air becomes thinner, the 
air/fuel mixture becomes richer. Before carburetors 
were forced to operate on very lean mixtures, 
changes in altitude were less important. Recent 
carburetors do not provide a normal range of 
operation that will compensate for changes in 
altitude The overly rich mixture at higher 
altitudes can be leaned by an altitude 
compensator. This device operates by admitting 
additional air into the carburetor, which leans out 
the air/fuel ratio (Figure 96). 


So far we have discussed a single venturi 
carburetor. In large displacement engines there 
is a need for increased airflow into the engine. This 
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is accomplished by grouping venturis together. 
Venturis are usually teamed in groups of two or 
four. When the venturis are teamed together, they 
share certain components. These include the float 
bowl, throttle shafts, choke plate, and carburetor 
housing. When the venturis are grouped together, 
they are divided into primary and secondary 
applications. The primary venturis have all of the 
operating systems that we have discussed. The 
secondaries do not have all of the fuel metering 
systems. In four venturi and staggered two 
venturi applications, the rear or secondary 
venturis only open on demand. This demand 
occurs only under heavy load or wide open 
throttle conditions. When the secondary venturis 
are open, they operate on a main metering system 
only. They do not have any other metering 
circuits. This can be accomplished because the 
primary venturis are the only systems operating 
at low speed/light load conditions. 
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Figure 96. Altitude Compensator 
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DAY THREE 


ELECTRONIC FUEL INJECTION 


GENERAL 


In the early 1970’s, the Federal Government 
established minimum fuel efficiency standards 
and maximum pollution levels for vehicles sold 
in the U.S. These standards were the result of 
concerns over the increasing dependency on 
imported oil and for our environment. 


To meet these new Federal standards, the 
automobile manufacturers began to look for ways 
to control fuel more efficiently. 


One of these methods of fuel control that the 
automobile manufacturers have begun to use 
extensively is a system known as fuel injection. 


Fuel injection has several advantages. These 
include: 


* Improved driveability 

* Improved fuel control 

* Improved engine efficiency and power 
* Reduction in exhaust emissions 


A fuel injection system does not use a carburetor 
for fuel delivery to the intake manifold. The 
primary difference between a carburetor system 
and a fuel injection system is that the fuel is 
metered into the intake airstream using one or 
more fuel injectors. These fuel injectors are 
mounted either in a fuel charging assembly on top 
of the intake manifold or in the intake manifold 
at each cylinder. 


Although mechanical systems of fuel injection 
control have been used in the past and continue 
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to be used in other countries, most systems in the 
U.S. feature some type of electronic control 
system. 


As in carbureted engines, the pressure difference 
between the inside of the engine and the outside 
ambient pressure helps determine the amount of 
fuel that is required for engine operation. As was 
explained earlier, the low pressure produced by the 
engine causes the fuel in a carbureted system to 
be forced out of the fuel bowl by the greater 
atmospheric pressure outside the engine. While 
a fuel injected engine does not directly use this 
pressure difference, it does play a part in its 
operation. 


In an electronically fuel injected engine, a sensor 
(or sensors) is used to determine this pressure 
difference. These pressure readings along with 
other sensors used to determine throttle position, 
engine coolant temperature, the temperature of 
air entering the engine and the oxygen content 
of the exhaust gases help determine the amount 
of fuel required for a certain engine operating 
condition. These sensor outputs are monitored by 
a computer called an Electronic Control Assembly 
(ECA). This computer, in turn, controls the 
operation of the injector to provide the proper 
amount of fuel With these sensor outputs 
available, the fuel injectors replace the main 
systems (idle, low speed, main metering, power 
enrichment, and accelerator pump) used on a 
carburetor. Figure 97 shows a basic electronically 
controlled fuel injection system schematic. 
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Figure 97. Basic Electronic Fuel Injected (EFI) System 
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ELECTRONIC FUEL INJECTION 


Fuel Injectors 


A fuel injector (Figure 98) works by opening a 
pintle or needle away from the body of the injector 
and delivering an atomized portion of fuel into the 
intake manifold. The fuel injector pintle is 
normally in the closed position, and the opening 
or retraction of it is controlled by the ECA. When 
the ECA determines that fuel is needed in the 
intake, it will electrically ''energize" the fuel 
injector. This energizing will cause the pintle to 
open and a finely atomized amount of gasoline is 
delivered from the injector into the intake 
manifold. This energizing of the injector and its 
subsequent delivery of fuel is referred to as the 
"injector pulse width" ог “оп” time. The area 
around the pintle is fixed and the pintle is not 
variable in its ability to open or close. Therefore, 
fuel flow to the engine is primarily controlled by 
how long the fuel injector is energized by the 
electronic control assembly. 


FUEL RAIL 


O-RING SEAL INTEGRAL FILTER 


ELECTRICAL 
CONNECTORS 


ARMATURE 


MANIFOLD 
O-RING 
SEAL 


STAINLESS 
STEEL 
BODY 


STAINLESS 
STEEL 
NEEDLE 


PINTLE PINTLE PROTECTION CAP 


Figure 98. Typical Multi-Point Fuel Injector 
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Fuel Supply 


As you learned previously, on a fuel injected 
engine an electric fuel pump (or pumps) is required 
to supply the fuel system with pressurized fuel. 
Either an in-tank, in-line, or combination of the 
two electric fuel pumps is used to perform this 
task. The fuel pumps are electrically controlled 
by a power relay (a remotely controlled switch) 
connected in series with an inertia switch (Figure 
99). The inertia switch is used to shut off the flow 
of fuel when a specific vehicle impact load occurs. 
The switch can be reset by the owner by pressing 
a reset lever on the switch to the lowered position. 
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Figure 99. Inertia Switch 
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FUEL INJECTION TYPES 


Ford Motor Company produces two different 
types of electronically controlled fuel injection 
systems for use in both automobiles and light 
trucks. These two systems are central fuel 
injection or multi-point fuel injection. These 
systems are similar in operation in that they are 
both controlled by the ECA. The main difference 
is the location of the injectors. In a Central Fuel 
Injection (CFI) system, the fuel injectors are 
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Figure 100. Typical СЕ! System 
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centrally located (Figure 100). Therefore, “central 
fuel injection" (CFI) is used to describe these 
systems. In a multi-point system, the fuel 
injectors are located in the lower intake manifold 
and positioned so that their tips are directing fuel 
in front of each intake valve (Figure 101). 
Therefore, the name ''multi-point" is used to 
describe these systems. On this type of system 
two methods are used to determine the proper 
amounts of fuel the injectors are to deliver. 
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Figure 101. Typical Multi-Point System 
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ELECTRONIC FUEL INJECTION 


The CFI systems are classified as single point, 
pulse time, modulated injection systems. Both a 
high pressure and a low pressure system are used. 
In the high pressure system, fuel is metered by 
two fuel injectors mounted on a fuel charging 
assembly which resembles a carburetor (Figure 
102). The low-pressure system uses one fuel FUEL 
injector mounted inside a fuel charging assembly 
(Figure 103). 
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Figure 103. Typical Low-Pressure CFI 
Fuel Charging Assembly 


Figure 102. Typical High-Pressure CFI Fuel Charging 
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ELECTRONIC FUEL INJECTION 


The high pressure CFI system uses a fuel injector 
(Figure 104) with a pintle much like a multi-point 
system. The low pressure CFI system differs in 
that it uses a unique type of fuel injector. This 
fuel injector (Figure 105) uses a ball instead of a 
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Figure 104. Typical High-Pressure CFI Fuel Injector 
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pintle for fuel distribution. When the ECA 
energizes the fuel injector, the ball is moved up 
and off its seat. This allows the fuel to flow from 
the spray nozzle through six metered orifices or 
openings. 
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Figure 105. Typical Low-Pressure CFI Fuel Injector 
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The multi-point systems are classified as multi- manifold is part of a fuel charging manifold ^^" 
point pulse time, mass airflow or adaptive assembly comprised of a throttle body, upper 
speed/density air measurement systems. They use intake manifold assembly, lower intake manifold 
one injector for each cylinder. The injectors are assembly, and the fuel rail assembly (Figure 106). 


mounted in the lower intake manifold. This 


THROTTLE 
BODY 
ASSEMBLY 


: | em 
PRESSURE 
REGULATOR 
® 
е Я 
RAIL > a > 
97: 


ASSEMBLY 


UPPER 
INTAKE 
MANIFOLD 


INTAKE 
MANIFOLD 


Figure 106. Typical Multi-Point Fuel Charging 
Manifold Assembly 
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In a mass airflow system, airflow information is 
determined by the ECA using two types of 
sensors. The first sensor is the vane airflow meter 
(Figure 107) which uses a vane or door to monitor 
the airflow rate. This sensor also determines the 
temperature of the incoming air. The second 
sensor is the barometric absolute pressure sensor 
(Figure 108) which measures changes in 
barometric pressure and is used by the ECA to 
determine needed air/fuel ratio compensation for 
high altitudes. Using the input of these two 
sensors, the ECA will then calculate injector on 
(or open) time based on this information. 


A mass airflow system can also use a hot-wire 
type sensor or mass airflow (MAF) sensor (Figure 
109) to determine airflow rates and temperatures. 
This sensor works by heating a single wire to a 
temperature of 200°C above ambient air 
temperature and measuring how much the wire 
is cooled by the incoming airflow. The sensor also 
determines the temperature of the incoming air 
through an ambient temperature sensor located 
within the MAF. This ambient temperature 
sensor is also used to maintain the temperature 
of the heated wire assembly. With this type of 
system, a Barometric Absolute Pressure (BAP) 
sensor is also used. 
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Figure 107. VAF Sensor 
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Figure 108. BAP Sensor 
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Figure 109. MAF Sensor 


ELECTRONIC FUEL INJECTION 


In an adaptive speed/density air measurement 
system an air charge temperature (ACT) sensor 
(Figure 110) and a manifold absolute pressure 
(MAP) sensor are used to determine proper 
control of the fuel injectors. The air charge 
temperature sensor is used to provide the ECA 
with incoming air temperature information. The 
MAP sensor determines changes in manifold 
pressure under conditions of key on/engine off and 
wide-open throttle acceleration. The MAP sensor 
performs much the same function as the BAP 
sensor on the mass airflow system. Using the 
outputs of these sensors, the ECA will calculate 
the density of the air in the engine air intake and 
determine proper operation of the injectors. 


There is an additional distinction in multi-point 
fuel injection systems that must be considered. 
There are two basic types of fuel injection timing 
strategies. In a basic multi-point system, banks 
of fuel injectors share injector pulse times. That 
is, the fuel injectors for cylinders 1 and 4 in a four 
cylinder engine will open at the same time. 
Conversely, the fuel injectors for cylinders 2 and 
3 will be open at the same time while the injectors 
for cylinders 1 and 4 are closed. 


While the standard multi-point system works well, 
increased efficiency can be obtained by using a 
Sequential Electronic Fuel Injection (SEFI) 
system. This system will open each fuel injector 
at the precise moment each cylinder requires fuel. 
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Figure 110. ACT Sensor 


OPERATIONS 


All of the electronic fuel injection systems are 
composed of three distinct operations: 


* Air Intake 
* Fuel Delivery 


* Electronic Control 


ELECTRONIC FUEL INJECTION 


AIR INTAKE 


Air intake for the CFI systems is very much the 
same as on carbureted systems. When the throttle 
plate is opened, the outside air under normal 
atmospheric pressure is forced through the air 
horn because the pressure in the intake manifold 
is lower. 


The primary difference between the carbureted 
and fuel injection models is that in place of the 
venturi, the CFI models use injectors to spray fuel 


INJECTOR 


>‘ 


THROTTLE 
PLATE 


= SS E 


into the airstream in the air horn or body of the 
assembly. 


On high pressure CFI, two air horns are used 
which are very similar to the air horns on a 
carburetor (Figure 111). 


The low pressure CFI air intake is on the side of 
the fuel charging assembly. Other than this, the 
air intake is the same as on the high pressure 
(Figure 112). 
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Figure 112. Low-Pressure CFI Air Intake 
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Air intake on the multi-point system is also 
through a throttle body. The throttle body, 
however, is horizontally mounted rather than 
vertically mounted as in the СЕТ (Figure 113). An 


air bypass valve is located on top of the throttle 
body. This valve is used by the ECA for idle-speed 
control. 
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Figure 113. Multi-Point Fuel Injection Air Intake 
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AIR CONTROL is actuated by a linkage and pedal cable 
In both CFI and multi-point systems, air to the MM e oo the driver, similar to the 
engine is controlled by a butterfly (throttle) valve у 


(Figure 114) or valves (Figure 115). The valve(s) 
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Figure 114. 2.3L EFI Air Control 
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Figure 115. 5.0L EFI Air Control 
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FUEL DELIVERY 


Fuel is delivered to the fuel injectors by way of 
an electric fuel pump or pumps, depending on 
vehicle application. 


There are three basic systems used in Ford 
vehicles: 


* High pressure in-tank 
® Low pressure in-tank 
® Low pressure in-tank/high pressure in-line 
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High Pressure In-Tank System 


In this system a high pressure fuel pump is 
located in the sump in the fuel tank (Figure 116). 
The sump provides for satisfactory pump 
operation during extreme vehicle maneuvers and 
steep vehicle angles with low fuel tank levels. 
This pump is capable of supplying fuel at a 
pressure of 39 psi. It also has an internal relief 
valve for over-pressure protection if excessive 
output pressure is experienced. 
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Figure 116. Typical High-Pressure In-Tank Fuel Pump 
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Low Pressure In-Tank System 


This pump is similar in operation to the pump 
used on the high pressure system, except its 
working pressure is limited to 14.5 psi. It is also 
equipped with over-pressure protection if excessive 
fuel pressure is experienced. 


Low Pressure In-Tank/High Pressure In-Line 


This system contains two fuel pumps: a low 
pressure in-tank fuel pump which sends fuel to 
an in-line high pressure fuel pump and the in-line 
high pressure fuel pump which delivers fuel to the 
fuel injectors (Figure 117). 
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The low pressure pump sits in a sump cavity in 
the fuel tank. This pump is used to provide 
pressurized fuel to the inlet of the high pressure 
in-line pump. 


The externally mounted, in-line high pressure 
pump receives the pressurized fuel, increases the 
pressure to 39 psi and pumps it to the fuel 
injectors. The pump has an internal relief valve 
to provide over-pressure protection in the event 
the fuel lines become restricted. Over-pressure is 
restricted to 138 psi. 
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Figure 117. Typical Low-Pressure In-Tank/High-Pressure In-Line Fuel System 
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Fuel Lines 


Two fuel lines are required (Figure 118). A supply 
line connects the fuel pump(s) through the filter 
to the fuel charging assembly or fuel rails. A 
return line allows excessive fuel supplied by the 
pump(s), but not needed by the engine, to be 
returned to the fuel tank or to the reservoir, if so 
equipped. 
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Fuel Pressure Regulator 


On fuel injection systems fuel pressure must be 
controlled for proper operation of the injectors. 
This fuel pressure is maintained by a fuel pressure 
regulator. Since the CFI system of regulation is 
a little different from the multi-point system, we 
will discuss these regulators and their methods 
of regulation separately. 
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Figure 118. Typical СЕ! Fuel System 
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CFI Fuel Pressure Regulator 


The fuel pressure regulators for both the high and 
low pressure CFI systems are basically valve-like 
devices which consist of a metal housing that has 
a fuel supply and return port (Figure 119). 


In this metal housing a spring-loaded diaphragm 
frees the valve and seat assembly from the return 
tube when the required fuel pressure setting is 
exceeded. This allows excess fuel to return to the 
fuel tank. In this manner a constant fuel pressure 
is maintained across the injectors. 


The regulator not only regulates the fuel pressure 
but it also traps fuel during conditions of 
shutdown. This will eliminate the possibility of 
vapor formation in the fuel line and provides for 
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instant restarts. Again, any excess fuel not 
required by the engine is returned to the fuel tank 
by way of the return line. 


The fuel pressure regulator in the high and low 
pressure CFI systems varies in location within the 
system and the amount of pressure maintained. 


In the high pressure CFI system, the fuel pressure 
regulator is attached to the fuel charging 
assembly near the rear of the air horn surface 
(Figure 120) and regulates the fuel pressure to 39 
psi. 


In the low pressure CFI system, the fuel pressure 
regulator is an integrated part of the fuel charging 
assembly (Figure 121) and regulates the pressure 
to 14.5 psi. 
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Figure 119. Fuel Pressure Regulator - CFI System 
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Figure 120. Fuel Pressure Regulator Location - PEN 
CFI High-Pressure System 
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Figure 121. Fuel Pressure Regulator Location - CFI Low-Pressure System 
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Multi-Point Fuel Pressure Regulator 


The fuel pressure regulator for the multi-point 
system is also a valve-like device which consists 
of a metal housing that has a fuel supply and 
return port (Figure 122). The major difference 
between this regulator and the one used on the 
CFI systems is that this regulator is also 
controlled by intake manifold vacuum and/or 
pressure. 


In place of the adjustment screw used on the CFI 
fuel pressure regulator, an intake manifold 
reference port is added. This intake manifold 
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reference port, which is located on the dry or non- 
fuel side of the regulator, allows fuel pressure to 
be controlled by intake manifold vacuum (or 
pressure) as well as fuel flow. 


As with the CFI system, excess fuel pressure 
against the spring loaded diaphragm will free the 
valve and assembly from the return tube. 
However, this moving of the valve assembly is 
aided by intake manifold vacuum which is also 
trying to move the valve and seat assembly off 
the return tube. 
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Figure 122. Fuel Pressure Regulator - Multi-Point System 
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During conditions of high vacuum (such as idle 
or closed throttle deceleration), the vacuum signal 
is high and pulling on the diaphragm (Figure 123). 
This vacuum along with the fuel pressure on the 
opposite side of the diaphragm moves the valve 
and seat assembly off the return tube, allowing 
fuel to return to the fuel tank and reducing 
pressure to the fuel injectors to as low as 30 psi. 


During times of low vacuum (such as wide-open 
throttle) there will be little or no vacuum to the 
fuel regulator and the pressure of fuel itself will 
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Figure 124. Fuel Pressure Regulator – Multi-Point System - 39 psi 


push on the diaphragm, raising the valve and seat 
assembly off the return tube (Figure 124). Since 
only fuel pressure is acting on the diaphragm, a 
smaller amount of fuel will return to the fuel tank, 
causing the fuel pressure to the injectors to 
increase to approximately 39 psi. 


This type of system allows fuel pressure to be 
referenced to changes in intake manifold vacuum 
(or pressure). Therefore, fuel pressure can remain 
relatively constant with respect to manifold 
vacuum (or pressure). 
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ELECTRONIC FUEL INJECTION 


К In a turbocharged engine, when a boost condition is required under a boost condition. During a 10 
is encountered (such as wide-open throttle), pound boost condition the fuel pressure reading 
pressure in the intake manifold will push against will be approximately 45-50 psi. 
the diaphragm and prevent the valve and seat 
assembly from lifting off the return tube (Figure 
125). This causes a greater fuel pressure, which 
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Figure 125. Fuel Pressure Regulator – 
Multi-Point System - 40-50 psi 
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AIR INLET SYSTEMS 


THE PURPOSE OF AIR INLET SYSTEMS 


To perform at its maximum potential, any 
engine, no matter if it's on a small boat or in a 
high performance race car, has two basic 
requirements: 


1. Clean Air 
2. Clean Fuel 


We will focus on the clean air in this section. In 
addition to being clean, the air entering the 
engine must have two other qualities: 

1. Unrestricted ..... There should be nothing 
obstructing the airflow to the engine. 

2. Temperature Controlled ... Air entering the 
engine should be at a temperature that allows 
for fuel vaporization such as when mixing the 
air and fuel in a carburetor. This is especially 
important when an engine is first started and 
it is cold, or when driving in cold weather. 


As you know, air enters the engine through the 
air cleaner assembly, so it is obvious that 
anything that has to do with letting air into the 
engine probably contains the air cleaner 
assembly as an integral component. This is true 
of the air inlet controls which are an integral part 
of the air cleaner assembly (Figure 126). 


AIR FILTERS 


Air filters come in many shapes and sizes 
depending upon their applications. The most 
common type is the dry-type, paper element 
filter. This is the type of filter used on Ford and 
Lincoln/Mercury vehicles. This type of filter uses 
paper as the primary filtering source. The paper 
is chemically treated for the purpose of trapping 
dust and dirt, preventing them from reaching the 
engine (Figure 127). On occasion, an oil bath filter 
is used. This type of filter uses a filter and oil 
to trap dirt, dust, and other contaminants. The 
oil bath filter is used primarily in large trucks 
and heavy machinery where operating conditions 
are more harsh. 
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Figure 127. Air Filters 


AIR INLET SYSTEMS 


NON-HEATED AIR INLET SYSTEMS 


To understand the evolution of the heated air 
inlet system we should first look at how it 
evolved. The primary reason for its introduction 
was to allow a leaner air/fuel mixture to be used 
at certain operating conditions. This leaner 
air/fuel mixture would result in improved 
emissions and better cold engine and cold 
weather performance. We already know that an 
engine needs a clean, unrestricted supply of air 
so that it can properly function. Although early 
filter assemblies successfully filtered the air, they 
could not contribute to improved engine 
performance during cold engine operation. Cold 
weather operation became a major concern 
because performance and driveability suffered 
until the engine was sufficiently warmed up. It 
was found that the introduction of warm air into 
the engine would provide substantial 
improvement. 


This is when the heated air inlet system was 
engineered to improve cold engine performance 
and driveability. With the advent of this system, 
drivers did not have to warm up the engine for 
extended periods before the engine would operate 


properly. 
HEATED AIR INLET SYSTEMS 


Heated air inlet systems came into use during 
the 60's. These early systems did not differ 
drastically from those currently in use. 
Essentially they can be divided into two different 
categories: 


1. The Pre-Zip Tube System (Figure 128) 
2. The Zip Tube System (Figure 129) 


The zip tube is another name for the fresh air 
duct, while the pre-zip tube refers to a system 
without a fresh air duct. With the zip tube, the 
vacuum motor and inlet for warm air could be 
mounted almost anywhere in the engine 
compartment. With a zip tube, remote air 
cleaners became possible. 


The purpose of the zip tube is to provide direct 
outside air for better combustion. Once the 
engine is warm, air brought in from outside the 
engine compartment rather than from under the 
hood tends to be cooler and more dense (higher 


oxygen content). With denser air entering the 
intake (zip tube), the engine performance and 
combustion is improved. 


However, when the engine is cold, direct outside 
air is undesirable until the engine warms up. This 
is the function of the heat stove, the hot air tube, 
and the vacuum motor. 


Figure 128. Pre-Zip Tube System 


Figure 129. Zip Tube System 


AIR INLET SYSTEMS 


The manifold heat stove is a sheet metal cover 
over the exhaust manifold (Figure 130). During 
cold engine or cold ambient conditions, air is 
drawn over the exhaust manifold to heat it prior 
to entering the intake manifold. Different size 
heat stoves are used depending on the 
application involved. The heat stoves used with 
tubular exhaust manifolds are much smaller than 
those used with cast iron manifolds. The reason 
for this is because tubular manifolds heat up 
much faster than the cast iron manifolds. Once 
the engine becomes warm there is no longer a 
need to draw air by the exhaust manifold 
through the hot air tube. This cold engine airflow 
is controlled by the vacuum motor. 


Figure 130. Heat Stove 


SYSTEM COMPONENTS 


The vacuum motor is normally mounted on the 
air cleaner snorkel. Its purpose is to operate a 
door on the inside of the air cleaner to channel 
warm air from the heat stove, cool ambient air, 
or a combination of both warm and cool air 
(Figure 131). As the name states, this motor 
(valve) is operated by vacuum. When the engine 
is started the vacuum developed by the engine 
will operate the vacuum motor. There are other 
circumstances or operating conditions during 
engine operation that require other special 
components: 


1. Cold Weather Modulator 
2. Retard Delay Valve 
3. Bimetal Sensor 


These sensors, if used, will be located somewhere 
on the vacuum line leading from the manifold to 
the vacuum motor. 
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Figure 131. Heated Air Duct Valve 


AIR CLEANER 


AIR INLET SYSTEMS 


COLD WEATHER MODULATOR/RETARD 
DELAY VALVE 


This device is a TVS (Temperature Vacuum 
Switch). It is used to hold vacuum on the vacuum 
motor in the event there is a sudden drop in 
manifold vacuum due to sudden acceleration 
(throttle opening). The cold weather modulator 
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Figure 132. Cold Weather Modulator 


functions only when the engine is cold (Figure 
132). In some instances the cold weather 
modulator is replaced by a retard delay valve 
(Figure 133). The function of this component is 
the same as that of the cold weather modulator 
in that it traps vacuum for a few seconds after 
the throttle is opened. 
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Figure 133. Retard Delay Valve 
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AIR INLET SYSTEMS 


BIMETAL SENSOR 


This sensor is usually mounted on the base of 
the air cleaner assembly. Its function is to sense 
the temperature on the inside of the air cleaner 
assembly near the carburetor. It is a bimetal type 
sensor which reacts to changes in temperature 
by opening or closing a vacuum passage (Figure 
134). You may notice that some air cleaners have 
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Figure 134. Temperature Sensor 
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more than one bimetal sensor. One is for the 
operation of the vacuum motor and the other is 
for some other engine control device (Figure 135). 
Be sure that if you replace a bimetal sensor, it 
is the same sensor. 
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Figure 135. Twin Bimetal Sensor Application 
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Operating Sequence manifold vacuum. This combination of strong 

"— Cold Start-Up manifold vacuum and no vacuum bleed causes 
| . | : the vacuum motor to pull the vacuum door 

During this mode of operation the bimetal sensor completely closed, closing off ambient air and 

has closed off the vacuum bleed completely. allowing only heat stove air to enter the engine 


Also, with the engine at fast idle, there is strong (Figure 136). 
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Figure 136. Cold Start-Up 
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MODULATING PARTIAL WARM-UP 


During this mode of operation, the air cleaner 
temperature is beginning to warm up. At idle and 
part throttle, the engine is producing moderate 
to strong vacuum so that there is plenty of 
vacuum to keep the vacuum motor door shut. At 
this point the bimetal sensor is beginning to 
warm and opens the vacuum bleed. This allows 
the door to open and reduce the amount of heated 
air entering the engine. With the door closing off 
the flow of heated air, the ambient air is entering 
the engine. The rate of door opening and closing 
(cycling) is directly proportional to the air 


temperature within the air cleaner assembly as 
determined by the bimetal sensor. As ambient 
temperatures go up, the cycling effect decreases 
and the bimetal sensor eventually keeps the door 
open continually to ambient air. However, as 
ambient temperatures go down, the cycling 
effect increases as the bimetal sensor opens and 
closes the air door between ambient and heated 
air (Figure 137). 
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Figure 137. Modulating Partial Warm-Up 
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Hot Engine/Hot Ambient Air 


In this mode of operation the temperature within 
the air cleaner has warmed considerably. At this 
point there is sufficient vacuum to close the door, 
but the bimetal sensor has reached a point where 


it is bleeding off all vacuum used to apply the 
door. Because of the total bleed-off of vacuum, 
the door is open and only ambient air is entering 
the engine (Figure 138). 
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Figure 138. Hot Engine/Hot Ambient Air Operating Mode 
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AIR INLET SYSTEMS 


IMPROVEMENTS OVER EARLY SYSTEMS 


The major area of improvement in the heated air 
inlet system has been in making the heated air 
inlet system react rapidly to temperature 
changes. The reaction to temperature changes 
obviously involves the bimetal temperature 
sensor. Improvements have been made to make 
the metals more sensitive to temperature 
changes so that the vacuum to the motor 
controlling the air door can be bled off or applied 
depending upon the temperature conditions 
(Figure 139). 
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Figure 139. Air Cleaner Assembly – 
Motor Components 
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The amount of lag time between the proper air 
temperatures being met and the air door opening 
can be seen on this graph. On the other hand, 
you can also see the amount of lag time that is 
evident for the closing of the air bleed by the set 
temperature. Keep in mind that the retard delay 
valve increases the amount of lag time. 


CONVENTIONAL BIMETAL CONTROL 


BIMETAL 
DESIRED TEMPERAURE 


s 


538558538 


1.A.S. 


CALIBRATION 
DESIRED TEMPERATURE 


—°C (20°F) AMBIENT 


TIME (SEC.) 30 


Figure 140. Bimetal Operational Graphs 
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COMPUTER CONTROLLED АША INLET 
SYSTEMS 


As you've probably gathered, the faster a system 
responds to change the more effective it will 
operate. No matter how sensitive the 
components are, there is still a reaction time for 
any mechanical system. To reduce the reaction 
time, electronics can be used to control the 
system. With the electronically controlled 
system certain components were deleted. They 
are: 


1. Bimetal Temperature Sensor 
2. Retard Delay/Cold Weather Modulator 


With the electronically controlled system, air 
cleaner temperature is monitored by the Air 
Charge Temperature Sensor (ACT) mounted in 
the air cleaner tray. The ECA processor monitors 
the ACT sensor and in turn controls the Inlet 
Air System (IAS) solenoid (Figure 141). 


When the ECA energizes the IAS solenoid, 
vacuum flows to the air inlet door vacuum motor 
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closing it to cold air. This allows air heated by 
the heat stove to enter the intake manifold 
allowing the air/fuel mixture to vaporize more 
efficiently. The ECA de-energizes the IAS 
solenoid under the following conditions: 


1. When the inlet air reaches a certain operating 
temperature preset as part of the ECA 
calibrations. 


2. If a wide-open throttle condition is signalled 
by the Throttle Position Sensor (TPS) and 
engine rpm. 


The primary components of the electronic 
system include the IAS solenoid, vacuum 
reservoir, and the ECA control. As you can see, 
the mechanical and electronically controlled 
systems operate in the same manner. No matter 
which system is used, it is an important part of 
engine performance. Make sure that the system 
is intact. 
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Figure 141. 1.A.S. Solenoid (Shown with Others) 


FORCED INDUCTION 


The internal combustion engine is a machine that 
requires specific amounts of air and fuel to operate 
properly. The amount of power that can be 
obtained from a given engine is determined by the 
amount of air that it has available to mix with 
fuel for combustion. In a naturally aspirated 
engine, air intake to the engine is restricted by 
the amount of vacuum created in the cylinders. 
Adding more fuel to the same amount of air 
(volume) will only result in excessive fuel 
consumption and smoke from unburned fuel. 


As you learned earlier, a comparison of the 
amount of air that an engine could draw in to the 
amount that it actually draws in under normal 
operating conditions is called volumetric 
efficiency. The power output of an engine is 
directly linked to its volumetric efficiency. A 
naturally aspirated engine usually has about an 
80% volumetric efficiency. This means that the 
engine draws in about 8046 of the air it could draw 
in. By streamlining passages and increasing port 
sizes, the volumetric efficiency of a naturally 
aspirated engine can be improved, but the air will 
still have difficulty reaching the cylinder. As long 
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as an engine relies on atmospheric pressure alone 
to push the air and fuel through the intake 
system, it will not produce as much power as it 
is capable of producing. 


The air intake system of an automobile can be 
modified to produce an increase in available power. 
As described earlier, the piston and cylinder of an 
internal combustion engine act basically as an air 
pump. Air is drawn in and mixed with the fuel. 
This mixture of air and fuel is often called an 
air/fuel charge. The more air/fuel charge given to 
an engine, the more power it is able to produce. 


As described above, without external help an 
engine receives only a partial air/fuel charge. This 
is due mainly to bends and restrictions along the 
intake path (Figure 142) and the presence of 
leftover exhaust in the cylinder. The air/fuel charge 
of an engine can be increased by pumping air into 
the cylinders. This forcing of more air into the 
cylinder allows the engine to fill its cylinders with 
a charge which meets or exceeds 100% volumetric 
efficiency of a naturally aspirated engine (Figure 
143). 


Figure 142. Naturally Aspirated Engine 
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FORCED INDUCTION 


TURBOCHARGER 


An increase in air available to the engine also 
allows the cylinders to have more fuel and this 
results in a denser mixture. The denser mixture 
allows for the higher amounts of power to be 
developed from a given engine. 


Density is the mass of a substance in a region of 
space. As an example, think of density as how 
tightly a substance is packed into a container 
(Figure 144). The more tightly we pack the air/fuel 
charge into a cylinder, the greater the force of the 
ignited charge and the more power the engine 
produces. This increase in air density is caused 
by an increase in pressure as produced by the 
pump. However, there are two variables which 
determine how tightly the air is packed. These 
variables are pressure and temperature. 


Figure 143. Turbocharged Engine 
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Figure 144. Air Density 
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When air is pumped through an intake system, 
the combustion chamber receives an increase in 
air pressure. This pressure helps to increase the 
air density (Figure 145). However, friction heats 
the air as it moves along the intake path. An 
increase in temperature tends to decrease the air 
density (Figure 146). Since there is more than one 
variable, an increase in pressure may not always 
lead to a greater air density. For example, if air 
is both compressed and heated, the density of air 


Figure 145. Pressure Increases Air Density 


Figure 146. Heat Decreases Air Density 


could increase, decrease, or not change at all 
(Figure 147). This is an important consideration, 
because devices used to pump air into the engine 
tend to both compress and heat the air at the 
same time. It is important to keep the intake 
temperature down because an overheated air/fuel 
charge can lead to premature detonation in the 
combustion chamber and possible component 
damage. 
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Figure 147. The Effects Of Heat 
And Pressure On Density 
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There are two different devices used to pump air 
into the engine: a turbocharger and a 
supercharger. The difference between the two is 
the power source which drives them. 


TURBOCHARGERS 


A turbocharger (Figure 148), is powered by the 
heat from engine exhaust gases. These gases 
produced by the engine are redirected and used 
to drive a vaned wheel known as a turbine (Figure 
149). The turbine is connected by a shaft to 
another vaned wheel called the impeller. It is the 
turning of this impeller which draws the air into 
the turbocharger and directs it into the cylinders. 
The amount of exhaust available to drive a 
turbocharger depends on the engine speed. When 
the throttle is almost closed, an engine receives 
a lean air/fuel mixture and idles at a low rpm. The 
engine pumps out only a little exhaust during idle 
operation. When the throttle is wide-open, an 
engine receives a rich air/fuel mixture and its rate 
of speed increases. As the speed of an engine 
increases, more exhaust gases are pumped out. 
For this reason, turbochargers operate best at 
high engine speeds. 
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Figure 149. Air Intake and Exhaust 
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Figure 148. Garrett T2 Turbocharger 
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One drawback to turbocharging is that an idling 
engine does not pump enough exhaust to 
sufficiently drive the turbocharger. This is most 
noticeable when a turbocharged vehicle 
accelerates from a standstill. There is a short 
interval of time before the turbocharger begins to 
pump a large amount of air into the engine. This 
short period of time is called turbo lag. During 
this period of turbo lag, the vehicle does not 
receive the extra power that a turbocharger helps 
provide at higher speeds. 


With diverted exhaust gases driving the 
turbocharger, a certain amount of engine power 
loss can be expected from the resulting restriction 
of the exhaust stream. However, this loss is 
usually small when compared to the increase in 
power that results with the addition of a 
turbocharger. 


The power increase resulting from the installation 
of a turbocharger varies with different engines and 
turbochargers. The power of an engine can 
typically increase by approximately 35-60% over 
the same-size naturally aspirated engine. 
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While this increase in power is in part the result 
of the higher amount of air that is present to 
provide combustion of the fuel, a high increase 
is also due to the more complete removal or 
scavenging of exhaust gases from the cylinder 
that the turbocharger produces as a part of its 
operation. This scavenging of exhaust gases, 
which also occurs on superchargers, is the result 
of pressurized air being forced into the cylinder 
and out the exhaust valve during periods of valve 
overlap. This more thorough removal of exhaust 
gases from the cylinder allows for a denser air/fuel 
charge to fill the cylinder during the intake stroke. 


At times a turbocharger may be used to 
compensate for high altitude in a naturally 
aspirated engine. In this use, the engine and 
turbocharger are matched to provide a mild boost 
of air pressure to make up for the lack of 
atmospheric pressure at the higher altitude. 
Better combustion and a moderate power increase 
with no increase in fuel usage is the result. An 
increase in air available for combustion with the 
correct air/fuel ratio will produce more power at 
both sea level and high altitudes. 
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Turbocharger Construction and 
Components 


The turbocharger, which is basically an air 
compressor, consists of the following: 


Compressor Housing 


This housing contains the impeller wheel and is 
used to diffuse and compress the flow of air into 
the intake manifold. The compressor housing 
(Figures 150 and 151) also contains the diffuser 
which directs the pressurized air into the throttle 
body or intake manifold of the engine. 


Figure 150. Compressor Housing 


Figure 151. Impeller Wheel 


Impeller Wheel 


The impeller wheel (Figure 152) is located within 
the compressor housing and draws air into the 
housing. The design of the impeller wheel and the 
related compressor will vary due to design 
requirements. 
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Figure 152. Impeller Designs 
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FORCED INDUCTION 


Turbine Housing 


The turbine housing (Figure 153) contains the 
turbine wheel. It receives the exhaust gases and 
directs the flow onto the turbine wheel and into 
the exhaust system. 
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Turbine Wheel 


The turbine wheel (Figure 154) is driven by 
exhaust gases flowing from the turbine housing. 
Like the impeller wheel, the design of the turbine DIRECT 
wheel and the turbine housing varies based on е 
design requirements (Figure 155). ——> EXHAUST FLOW 
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Figure 155. Turbine Designs 


Figure 154. Turbine Wheel 
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| FORCED INDUCTION 


| wr The center shaft (Figure 156) is used to connect 
| the turbine wheel to the impeller wheel. As the 
| exhaust gases power the turbine wheel, the 
rotation is directed to the impeller wheel by the 
| center shaft. 


Center Shaft 


Figure 157. Center Housing 


Figure 156. Center Shaft 


Center Housing 


This housing forms the connection between the 
compressor housing and the turbine housing. It 
also contains the center shaft and the oil passages 
required to lubricate the bearings that the center 
shaft rides on. The center housing (Figure 157) 
also contains seals near the turbine and impeller 
wheels to prevent exhaust gases and air from 
| entering the center housing and oil from entering 
turbine housing or the compressor housing. 


Wastegate 


Figure 158. Garrett T2 Wastegate 


| The wastegate is a gate (door) located in the 
| turbine housing. It is used to prevent an overboost 
| of pressurized air from reaching the engine and 
| possibly causing damage to the turbocharger and 
| the engine. The wastegate (Figure 158) is 
| controlled by a valve or an electrically controlled 
valve called a solenoid. 
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Turbocharger Control 


Boost is the term used for the pressure produced 
by a turbocharger when it increases the amount 
of air or air/fuel charge into the combustion 
chamber. It is necessary to control the amount 
of boost that a turbocharger may produce. Failure 
to control the boost pressure could result in 
damage to the turbocharger and/or engine through 
premature detonation of the air/fuel charge. 


Turbocharger controls generally fit into two 
categories — those that limit the speed of the 
turbocharger, and those that limit the amount of 
output pressure of the turbocharger delivered to 
the engine. 


The speed of the turbocharger can be controlled 
by the insertion of a blow-off valve (Figure 159) 
in the exhaust line of the turbocharger. The valve 
is opened by excess pressure in the exhaust line. 
When the valve is opened, the speed of the turbine 
wheel and connected impeller wheel will slow. 
With the impeller rotating slower, the boost 
pressure to the engine is lowered. 


In some cases the blow-off valve is located 
between the turbocharger and the engine. In this 
usage, pressurized air is channeled past the valve 
in situations of excess pressure. This pressurized 
air is not directly delivered to the engine. The 
speed of the turbocharger remains the same 
regardless of blow-off valve operation. 


The type of control system used mainly on 
automobiles and light trucks and which limits the 
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speed of the turbocharger is the wastegate (Figure 
160). This gate (door) can be operated manually, 
by intake manifold pressure, or by an electrical 
servo motor controlled by a small computer. The 
greater the boost, the more the wastegate will 
allow exhaust gases to bypass the turbine wheel. 
In this manner the engine intake manifold 
pressure is controlled at the required levels. 
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Figure 160. Turbocharger Wastegate 
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Figure 159. Blow-Off Valves 
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Intercooling 


As mentioned before, if the pressurized air from 
a turbocharger reaches excessive temperatures, 
premature detonation of the air/fuel charge can 
occur. The best way to keep intake temperature 
down is by intercooling the air intake system. 
Intercooling is the process of cooling the air and/or 
the air/fuel charge before it reaches the 
combustion chamber. The air or air/fuel charge is 
cooled as it passes through a heater exchanger, 
or intercooler (Figure 161). An intercooler 
typically uses air or engine coolant as a cooling 
medium. The temperature drop through an 
intercooler will vary according to the temperature 
of the cooling medium and its flow rate. An 
intercooler is usually placed between the 
turbocharger and the engine. 


Intercooling provides two benefits. By cooling the 
air/fuel charge, an intercooler increases its density, 
allowing a greater quantity of air to enter an 
engine. This allows a larger amount of air/fuel 
mixture to be converted to power. Intercooling 


also reduces the thermal loading on an engine. The 
stress on valves and pistons is reduced, and there 
is less heat for the engine to dissipate. 
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Figure 161. Intercooler 
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Turbocharger Oil Requirements 


Since a turbocharger works at extremely high 
speed (upwards of 130,000 rpm), a clean supply 
of oil has to reach the turbocharger for lubrication 
and cooling (Figure 162). 


The manufacturer’s recommendation for engine 
oil is adequate for the turbocharger. Not only is 
it necessary for the turbocharger to receive oil, it 
must be able to have the oil flow freely back to 
the engine. When first starting an engine 
equipped with a turbocharger, it is recommended 
that you do not race the engine until the oil 
pressure rises above 30 psi (207 kPa). Since the 
turbocharger is normally the last item to receive 
oil, the pressure should be high enough to supply 
an adequate oil supply to the turbocharger. This 
is especially important during cold weather 
starting. 


After periods of heavy acceleration, it is 
recommended that the engine be allowed to idle 
for a few minutes. This will permit the oil flowing 
through the turbocharger to help cool the internal 
parts and prevent damage to the turbocharger. 


If the engine is shut down immediately after being 
run extremely hard, the turbocharger bearings 
could freeze to the shaft due to high temperatures 
and metal expansion. 


If the turbocharger is lubricated with clean oil at 
engine pressure it can be run for many years 
without any visible signs of wear on the bearing 
journals. If dirty oil or no oil is supplied to the 
turbocharger for even a short period of time, the 
unit will fail. 


Figure 162. Oil Flow 
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SUPERCHARGERS features of the turbocharger. The major difference 


М Likea turbocharger, a supercharger (Figure 163) is the method of driving the pump while the 

acts as an air pump and has many of the same turbocahrger is driven by the heated exhaust 
gases, the supercharger is driven from the 
crankshaft through belts, gears, or chains (Figure 
164). The advantages of increased power that are 
present with a turbocharger are also present with 
a supercharger. However, because a supercharger 
is driven off the crankshaft rather than exhaust 
gases, the problem of turbo lag does not exist. 
This lack of turbo lag is the main advantage of 
the supercharger. 


There are two basic types of superchargers: 
positive displacement and centrifugal. 


Figure 163. Supercharger 
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er Figure 164. Belt-Driven Supercharger 
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Positive Displacement Supercharger 


Unlike the turbocharger, the amount of air charge 
delivered per revolution of a positive displacement 
supercharger is basically the same for each 
revolution of the engine regardless of speed. 


The advantage of this type of supercharger is that 
this constant air charge delivers roughly the same 
manifold pressure at all engine speeds; the 
disadvantage, as with any supercharger, is that 
it is driven by crankshaft power and has a lower 
efficiency than a turbocharger. Also, any 
supercharger, since it is driven by the engine 
crankshaft, will require the use of engine power. 
In most cases, a supercharger will use from 8-10% 
of the total engine power it develops. 


While the positive displacement supercharger 
delivers the same amount of air charge for each 
revolution of the engine, the amount of power 
available to drive a supercharger depends on 
engine speed. However, even an idling engine 
produces enough power to pump a large amount 
of air. When accelerating from a standstill, a 
supercharged engine immediately receives extra 
power. Though it takes engine power to drive a 
supercharger, a supercharger will help an engine 
produce much more power in return. 


Types of Positive Displacement 
Superchargers 


Two types of positive displacement superchargers 
are commonly used: the lobe supercharger and the 
vane supercharger. 
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Lobe Supercharger 


The lobe supercharger has a pair of rotors which 
turn inside a closed housing (Figure 165). The 
rotors are designed to turn in opposite directions, 


. meshing like a pair of gears, though they do not 


come into direct contact with each other. As the 
rotors turn, air is drawn into the intake port and 
carried through the open space between the lobes 
and the housing (Figure 166). The air is then 
pumped through the outlet port to the cylinders. 
The length and diameter of the rotors determine 
the volume of air which will be pumped during 
each revolution. 
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Figure 165. Lobe Supercharger 
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Figure 166. Lobe Airflow 
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The crankshaft drives the rotors through a pulley 
attached to the supercharger. Most lobe 
superchargers have two or three lobes on each 
rotor (Figures 167 & 168). Some rotors have 
straight lobes, others use helical cut lobes. 


The lobes are intermeshed to prevent clashing 
during rotation. Bearings are used to reduce 
friction between the rotors and housing, and seals 
prevent lubricant leakage (Figure 169). The rotors 
are the only major moving parts on a lobe 
supercharger. Although the rotor lobes must have 
a close clearance to be effective, they should never 
touch and therefore should never wear out. The 


ROTORS 


Figure 167. Two-Lobed Rotors and Housing 
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components most subject to wear are the bearings 
and seals. 


All lobe superchargers have a pulsating airflow, 
especially at low rpm, because of the small 
number of lobes on each rotor. The continuous 
back-and-forth motion caused by the air pulses 
and backpressure from the cylinder creates 
turbulence and friction. This heats the air and 
lowers its density. Backpressure from the cylinder 
can also leak through the lobe and housing 
clearance, lowering the volumetric efficiency. There 
are several ways to improve airflow and reduce 
backpressure leakage. 
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Figure 168. Three-Lobed Rotors 
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Figure 169. Rotor Drive Gears and Bearing Plate 


Pulsating airflow delivery can be smoothed out 
by using rotors with three lobes instead of two. 
The three-lobed design also helps reduce 
backpressure leakage, since more than one rotor 
tip seals against the housing one time. Some 
superchargers have Teflon or nylon strips attached 
to the sealing edges of the lobe (Figure 170). These 
strips reduce lobe clearance and help stop 
backpressure leakage. Using spiral or twisted 
rotors (helical cut rather than straight cut) also 
dampens the pulsing of output airflow. 


Under high vacuum conditions, such as driving 
at constant highway speeds, the lobe supercharger 
will use less crankshaft power. When the engine 
is running with the throttle closed or only slightly 
open, vacuum is produced in the intake manifold. 
This vacuum turns the rotors like a windmill, and 
less crankshaft power is used. 


The gears and bearings on a lobe supercharger 
require lubrication. Since an oil pressure feed is 
not required, the oil can be separate from the 


engine oil system. Such a system would have 
reservoirs within the front and rear housings of 
the supercharger. 
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Figure 170. Rotor Strips 
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Vane Supercharger 


There are several varieties of the vane 
supercharger, but it is basically a cylindrical 
housing with a single rotor that rotates on an 
offset axis. The rotor is slotted for any number 
of protruding vanes (Figure 171). The vanes 
maintain close or light contact with the walls of 
the housing. As the rotor spins, the vanes sweep 
the air into the housing through the inlet port. 


The open space between the vanes carries the air 
towards the outlet port (Figure 172). At the same 


time, as the offset rotor moves closer to the 
housing while it spins, it compresses the air 
trapped between the vanes. The air is pumped 
through the outlet port. Unlike the lobe 
supercharger, which simply forces air into the 
cylinders, the vane supercharger compresses the 
air within its housing before forcing it through 
the outlet port. This internal compression allows 
the vane supercharger to create higher boost 
pressures than external compression 
superchargers without a loss in efficiency. 


HOUSING 


Figure 171. Vane Supercharger 


HOUSING 


Figure 172. Vane Airflow 


140 


FORCED INDUCTION 


Dynamic Superchargers 


The operation of a dynamic supercharger is 
similar to that of a turbocharger. The faster the 
crankshaft turns this type of supercharger, the 
better it operates. Although there are a number 
of different types of dynamic superchargers used 
on automobiles we will look only at the most 
common type, the centrifugal supercharger. 


Centrifugal Superchargers 


The centrifugal type is a dynamic supercharger 
whose pumping output increases roughly as a 
square of the engine speed. This means that when 
the engine speed is doubled, the supercharger 
provides four times as much boost pressure. This 
type of operation has its advantages and its 
drawbacks. Lets look at an example: 


A centrifugal supercharger which provides 3 psi 
at an engine speed of 2000 rpm will provide 12 
psi at 4000 rpm. This is a substantial increase in 
boost pressure, but the reverse holds true at lower 
engine speeds. Using the same example, less than 
one pound of pressure will be produced at 1000 
rpm. For this reason, a dynamic supercharger 
operates best at higher rpm. 


A centrifugal supercharger moves air using an 
impeller wheel like a turbocharger (Figure 173). 


OUTLET 
PORT 


IMPELLER 


Figure 173. Centrifugal Supercharger 


The impeller is housed within a circular casing 
(Figure 174). Air enters an inlet port located at 
the center of the impeller. From that point it is 
accelerated by centrifugal force by the spinning 
blades and pumped out the outlet port. 


A centrifugal supercharger does not heat the air 
as much as a lobe supercharger, and the airflow 
is much smoother. There is very little stress on 
the impeller wheel because it is generally 
lightweight and does not intermesh or contact any 
other moving parts. The impeller wheel must be 
driven at high speeds to provide sufficient boost 
pressures. Impeller speeds of 50,000 rpm are not 
uncommon. For this reason, centrifugal 
superchargers, like turbochargers, require high 
quality shaft bearings and a good lubrication 
system. 


Turbochargers are a type of centrifugal 
supercharger; the only difference is that they are 
driven by engine exhaust rather than the 
crankshaft. Like the turbocharger, the centrifugal 
supercharger gives its best boost at high engine 
speed. However, a centrifugal supercharger also 
provides a large amount of boost when the engine 
is at low rpm. 


IMPELLER 


Figure 174. Impeller and Case 
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Supercharger Control 


As with the turbocharger, boost pressure from a 
supercharger must be controlled to prevent 
damage to the supercharger and engine. To control 
boost pressure delivered to the engine, a blow-off 
valve (Figure 175) is commonly installed between 
the supercharger and the engine When the 
maximum allowable boost pressure is reached, the 
blow-off valve vents the excess boost pressure 
back to the supercharger. 


Intercooling 


As with a turbocharged engine, the pressurized 
and heated air from a supercharger can cause 
premature detonation of the air/fuel charge. To 
lower the temperature of the air, an intercooler can 
be added to the supercharger arrangement in the 
same manner as with a turbocharger. 


SPRING 


BLOW-OFF 
VALVE 


SUPERCHARGER 


AIR FUEL 
MIXTURE 


Figure 175. Blow-Off Valve 
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FUEL SYSTEM WORKSHEET 


Directions: Match the component illustrations with the description by placing the letter of the 1- 
lustration after the numbered description. 


. CFI Fuel Pressure Regulator с . 


4 
2. EFI Fuel Pressure Regulator = 

3. High Pressure СЕ! Fuel Charging Sr == 
4. Low Pressure СЕ! Fuel Charging Assembl 

5. Low Pressure CFI Fuel Injector а m 

6. Multi-Point Fuel Injector 


7. Inertia Switch 1 J — 


8. Vane Airflow Sensor 


9. High Pressure In-Tank Fuel Pump Ш 
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TURBOCHARGER WORKSHEET 


Directions: Using the diagram below draw arrows showing the direction of air and exhaust flow 
through a turbocharger and the related cylinder. Use the supercharger airflow diagram as an 
example: 


EXAMPLE: 


SUPERCHARGER 
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WHEEL 


INTAKE 
VALVE 


PISTON 


145 


SUPERCHARGER WORKSHEET 


Directions: Identify the components of a lobe supercharger by placing the letter shown on the 
illustration after the correct component name. 


1. Supercharger housing RC NE 
2. Gears 

3. Rotors 

4. Bearings E mer: 


5.Sels | E . 
6. Bearing Plate р = 
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DAY FOUR 


To fully understand ignition systems and how 
they operate, we must first become familiar with 
the fundamentals of electricity and magnetism. 


ELECTRICITY 


Everything around us—anything that has weight 
and takes up space—is made up of matter. Matter 
takes on different forms (solid—liquid— gas) and 
is made up of many different atoms or 
combinations of atoms. 


One very important part of all atoms is the 
electron. Different types of atoms contain 
different amounts of electrons. Electrons are said 
to have a negative charge. They are mobile, 
orbiting the center or nucleus of the atom at great 
speeds. For the most part electron travel is 
confined to their own atoms. They can, however, 
be attracted to and repelled from atom to atom 
(Figure 176). When electrons flow in an organized 
manner from atom to atom in one direction, 
electricity exists. All materials contain electrons. 
It is everywhere and in all things. Therefore, 
electricity is not something that must be gathered 

or produced. Only the attracting and repelling 
° force involved in electricity must be produced or 
generated. This force is called Electromotive Force 
(EMF) or voltage (volts). The force or pressure 
which moves electrons from one atom to another 
is a result of an imbalance of electrons; that is, 
there are more electrons on one side of the power 
source than on the other. This imbalance makes 
up an attracting and repelling force. The lack of 
electrons on one side of the power source is the 
attracting force (atoms missing electrons that 
they originally had and would like to get back). 
The excess of electrons on the other side of the 
power source is a repelling force (atoms having 
more electrons than they originally had and would 
like to get rid of). These attracting and repelling 
forces make up the electrical pressure: voltage 
(volts). 


Electrons moving from one atom to another make 
up an electrical current flow. Electrical current is 
measured in amperes (amps). 


The ease or difficulty with which a material allows 


electrons to flow from atom to atom is called 
resistance. Electrical resistance is measured in 
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ohms. The higher the resistance or opposition to 
current flow, the higher the ohms. Different 
materials offer different amounts of resistance. 


When an electric current is passed through a wire 
that has been shaped into a loop, a magnetic field 
around the loop is produced. The strength of this 
magnetic field can be increased by producing a 
number of loops to form a coil. When two coils 
are placed close to one another, the magnetic field 
of the first coil can produce a current in the second 
coil without physical contact. The amount of this 
current can be controlled by varying the amount 
of turns within each coil. This process is known 
as Induction. 
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Figure 176. Electron Drift 


THE NEED FOR IGNITION 


As you learned earlier, the four stroke cycle 
operates by the forces generated through the 
expansion of gases within the cylinder. These 
gases are created by the burning of an air/fuel 
mixture. For efficient operation, this air/fuel 
mixture must be ignited at just the right point 
of piston travel. Also, the air/fuel mixture must 
burn long enough to develop maximum power and 
burn completely before the piston reaches BDC. 
The control of this process falls to the ignition 
system. 


No matter what type of ignition system a vehicle 
has, it is primarily designed to ignite the 
compressed air/fuel mixture supplied to the engine 
by the fuel system. Also it must do this in the 
proper firing sequence, at the precise instant 
required for engine speed and load conditions. 


There are different types of ignition systems. The 
most common types of ignition systems are the 
breaker point, or standard ignition system, and 
the electronic ignition system. 


All ignition systems, from breaker point to 
electronic, operate in a similar manner, 
interrupting the current flow in the coil primary 
circuit, thereby producing a very high voltage in 
the coil secondary circuit, which fires the spark 
plugs. 
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IGNITION SYSTEMS 


In today's vehicles the electronic ignition is widely 
used. 'To better understand its operation we must 
begin with a discussion of the standard breaker 
point system. 


A standard breaker point ignition system (Figure 
177) is a system that uses ignition points to 
control current flow in the primary circuit. (An 
electronic ignition system uses an electronic 
circuit to control current flow in the primary 
circuit.) 


The standard or breaker point ignition system has 
been with us since the time batteries were first 
installed in vehicles. It is considered by many to 
be a very simple system, because you can watch 
it work. 


However, breaker point ignition systems have 
their drawbacks. In the first place, the breaker 
points wear out both mechanically and 
electrically. Spring tension, gap, and alignment on 
the rider are important to operation. Futhermore, 
they are susceptible to damage from water, 
electrical and mechanical load, improper 
adjustment, and incorrect service. 


The ignition system is divided into two circuits: 
secondary or high voltage and primary or low 
voltage. Although these circuits are separate they 
function together and relate closely to each other. 
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Figure 177. Breaker Point Ignition System 
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Primary (Low Voltage) Circuit 


A cam mechanism in the distributor of a 
conventional ignition system opens and closes the 
primary circuit of the coil by operating a switch 
commonly called the breaker points. During 
periods between ignition pulses (the rotor is 
between contacts), the breaker points are closed 
(known as dwell). Current flows through the 
primary of the coil and a magnetic field 
(inductance) is created which links the primary 
and secondary of the coil. 


At the instant the spark pulse is required, the 
breaker points open. This interrupts the flow of 
current in the primary of the coil and the 
magnetic field collapses quickly. This quick 
collapse of the magnetic field produces a high 
voltage pulse in the secondary of the coil. The 
pulse is routed through the distributor rotor, the 
terminal in the distributor cap, and the spark plug 
wire to the appropriate spark plug. 


The primary current increases with time after the 
points close. At the instant the points open, this 
current begins to fall rapidly. It is during this 
rapid drop in primary current that the secondary 
(high voltage) pulse occurs. 


The mechanism for opening and closing the 
breaker points is acam having a number of lobes 
equal to the number of cylinders in the engine. 
This cam is mounted on the distributor shaft 
inside the distributor. As the cam rotates, it opens 
and closes the breaker point contacts. The 
movable arm of the breaker points has an 
insulated rubbing block which is pressed against 
the cam by a spring. When the rubbing block 
comes into contact with a flat surface on the cam, 
the points are closed. At this time, the breaker 
points apply the battery voltage across the 
primary of the ignition coil. When the rubbing 
block reaches the corner of the cam, the points 
open, and the primary circuit is opened. The 
magnetic field then collapses around the primary 
winding, then the secondary winding, and the 
spark occurs. 


Secondary (High Voltage) Circuit 


The ignition system provides the high voltage 
pulse which starts the firing of the spark plug. 
This high voltage pulse is generated by the 
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inductive discharge of a special high voltage 
transformer called an ignition coil. The high 
voltage pulse is delivered to the appropriate spark 
plug at the correct time for ignition by a rotary 
switch called a distributor. The rotary switch is 
driven by the camshaft, and this mechanical 
arrangement ensures that the high voltage is 
switched to the correct spark plug at the correct 
time. 


A set of electrical leads, commonly called spark 
plug wires, are connected between the various 
spark plugs and the connections at the distributor 
cap. The center connection on the distributor cap 
is connected to the ignition coil secondary. 


The rotating part of the high voltage switch, 
appropriately called the rotor, distributes the high 
voltage pulse from the coil to the correct spark 
plug wire. Remember that in a four stroke cycle 
engine, the engine rotates at one-half the 
crankshaft speed; therefore, one ignition pulse is 
provided to each cylinder for each two rotations 
of the crankshaft. 


Now that you have learned how a basic breaker 
point ignition system operates, we will describe 
the components that make up this system. 


The main components of the system are: 


Battery 

Ignition Switch 
Ballast Resistor 
Ignition Coil 
Distributor Assembly 
Spark Plugs and Wires 


We will first see the purpose of each component, 
then the complete system operation. 


The ignition system is divided into two circuits, 
the primary or low voltage circuit and the 
secondary or high voltage circuit. The primary 
circuit contains the battery, ignition switch, 
resistor, ignition coil primary winding, ignition 
points, and the condenser. The secondary circuit 
contains the coil secondary windings, distributor 
cap, distributor rotor, and the spark plugs and 
wires. 
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Battery 

The battery is used to provide the low voltage 
power necessary to produce current flow in the 
primary circuit. 


Ignition Switch 

The ignition switch is in the primary wiring 
between the battery and the ignition coil. It is 
simply an on/off switch used to control current 
flow in the circuit. When the switch is closed in 
the ON position, current flow reaches the coil. 


Ballast Resistor 

The ballast resistor may be externally attached 
to the coil or may be in the form of a resistance 
wire. 


The ballast resistor is attached to the primary 
ignition circuit between the ignition switch and 
the coil. The resistor is added to the circuit to 
compensate for variations in primary circuit 
current. These variations occur due to changes in 
the engine rpm and the load on the charging 
system. 


At low engine speeds, current flow in the primary 
circuit is high. This high current flow causes a 
drop in voltage reaching the coil. At higher speeds 
current flow decreases; the decrease causes the 
resistor to cool, and about the same amount of 
voltage reaches the coil. The ballast resistor 
provides a balanced current to the coil during all 
speeds and load conditions. This balancing of 
current flow also increases the life of the ignition 
points. 


It is possible to gain higher output from the coil 
if the resistor is removed. For this reason most 
systems will bypass the resistor during starting. 
This assures a good current flow to the coil when 
the starter is engaged. 


Ignition Coil 

The ignition coil (Figure 178) is a voltage step- 
up transformer that raises the vehicle voltage to 
upwards of 45,000 volts to jump the gap in the 
spark plugs. It has a primary and a secondary 
winding on the same metallic core with one 
common terminal. The two ends of the primary 
winding connect to the primary ignition circuit. 
While the open end of the secondary winding goes 
to the center tower of the coil, the high tension 
lead that carries the high tension voltage to the 
distributor is plugged into the center tower of the 
coil. 
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Figure 178. Typical Ignition Coil 
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Distributor Assembly 

Distribution and correct timing of the spark are 
necessary for proper combustion of the air/fuel 
mixture. Timing and spark distribution are the 
Jobs of the distributor and breaker point set. The 
distributor contains a shaft which, as previously 
mentioned, is connected or geared to the 
camshaft. The distributor cam has lobes which 
make direct contact with the points rubbing block 
and should not be confused with the camshaft. 


As the distributor cam rotates (Figure 179), the 
lobe peaks push on the rubbing strip and open 
the points at the moment spark is needed. When 
the rubbing block is between the peaks, the points 
are closed. When the points open, the magnetic 
field around the primary of the coil collapses, 
producing a a high voltage in the secondary, which 
appears across the spark plug. At the same time 
the cam is opening and closing the points, it also 
positions the rotor, which is mounted on top of 
it. The distributor cap and rotor work together 
to make sure the secondary of the coil is connected 
to the proper spark plug wire and spark plug at 
the exact time spark is needed. 
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Figure 179. Breaker Point Assembly 


Spark Plugs and Wires 
The spark plug wires supply the current to the 
spark plugs from the distributor. 


The spark plug (Figure 180) operates in the 
following manner: when connected to the coil 
secondary through the spark wire, distributor cap, 
rotor, and coil wire, the spark plug provides a path 
for the current to flow to ground while the 
magnetic field of the coil secondary collapses. The 
only path for this current is through the ground 
electrode and center electrode across a spark gap. 
The jumping of this spark gap is what produces 
the spark and ignites the air/fuel mixture. 
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Figure 180. Typical Motorcraft Spark Plug 
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Ignition Timing 

Ignition timing occurs sometime before top dead 
center (BTDO) is reached during the compression 
stroke of the piston. This time is measured in 
degrees of crankshaft rotation before TDC. In a 
modern engine, this timing for a breaker point 
ignition system is generally 8-10 degrees for the 
basic mechanical setting with the engine running 
at low rpm. 


The combustion or burning of gasoline occurs at 
a fixed rate. This causes a problem in the timing 
of a spark. As the engine speeds up, it rotates at 
a faster rate and the time available between these 
rotations decreases. As each piston approaches its 
TDC position (the position where it stops and 
turns around) the fuel is ignited and so the 
compression from the explosion will be applied 
most effectively. In order to obtain the most power 
from the combustion the spark must be started 
before top dead center (BTDC) so the compression 
from combustion can be applied to the piston after 
top dead center (АТОС) is reached by the piston. 
As engine speed increases, the time it takes for 
the fuel to ignite stays the same while the time 
it takes for the piston to move from 10 degrees 
BTDC to 10 degrees ATDC decreases. For this 
reason, the spark must be initiated sooner. The 
change in ignition timing is called ''spark 
advance" 


On a breaker point ignition system, the spark 
advance is controlled by two different systems, 
centrifugal and vacuum advance (Figure 181). 
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Centrifugal Advance 

The centrifugal advance is sometimes referred to 
as the mechanical advance system. It is made up 
of flyweights and springs and is housed in the 
distributor. The centrifugal advance is connected 
to the upper part of the distributor shaft and will 
advance the distributor cam based on distributor 
rpm. As the rpm increases, the weights move 
away from the distributor shaft and overcome 
spring tension; the higher the rpm the more the 
weights move. The distributor shaft is made of 
two pieces: the lower portion is the shaft, the 
upper is the cam assembly. The more the weights 
move, the more the cam assembly advances. How 
fast it will advance is based on spring tension. 


Vacuum Advance 

Distributor assemblies are equipped with a 
vacuum advance system for better fuel economy 
when the engine is operating at part throttle. The 
vacuum advance consists of a spring loaded 
diaphragm connected to the distributor plate by 
a link. 


A hose runs from the spring side to the intake 
manifold, throttle body, or carburetor. Vacuum is 
used to overcome the spring tension and rotate 
the distributor plate opposite the distributor cam 
rotation. This causes the points to open sooner 
in the power stroke to allow a longer burn time 
for the fuel mixture. This system of advance does 
not operate at full throttle due to the low manifold 
vacuum which cannot overcome the spring 
tension in the unit. 


VACUUM ADVANCE 
SYSTEM 


CAM ASSEMBLY 


WEIGHT 
SPRING 


CAM PLATE 
CONTROL SLOT 


STOP 
PLATE 


WEIGHT 
SPRING 


ADVANCE 
ADJUSTING 
BRACKET 


DISTRIBUTOR 
SHAFT 


DIAPHRAGM 


RETURN 
SPRING 


DIAPHRAGM 


VACUUM STATIONARY LEVER 


FITTING SUBPLATE 


Figure 181. Mechanical Spark Advance Systems 
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wv ELECTRONIC IGNITION SYSTEMS 


There was no smooth transition from breaker 
points to fully electronic ignition systems. There 
were a number of different systems that were used 
up to the present introduction of the modern, fully 
electronic, computer controlled ignition systems 
used in today's vehicles. 


It was not the regular maintenance or the timing 
deterioration that brought about the end of the 
breaker point era but a need for effective emission 
control through more efficient combustion of the 
air/fuel mixture. One of the answers was some 
form of electronic ignition system that would 
respond faster and provide spark plug firing with 
a precision and intensity that never existed before. 


One of the first systems to incorporate both 
breaker points and electronics is shown in Figure 
182. The breaker points were attached to a 
transistor instead of being connected in series 
with the primary winding of the coil The 


transistor was controlled by the breaker points. 
When the points were opened the transistor 
stopped conducting, and the coil produced a spark 
just as it did in the breaker point system. When 
the points were closed, the transistor conducted 
and the magnetic field around the coil expanded. 
Using the points to trigger the transistor instead 
of controlling the coil primary directly was the 
only difference between this new system and the 
breaker point system. 


The main advantages of this type of transistorized 
ignition system were a hotter spark, more precise 
timing, longer point life, and a faster switching 
speed than was possible with a breaker point 
system. Although the introduction of transistors 
did not eliminate the use of breaker points, it did 
entirely ^eliminate their wear and frequent 
replacement. 


Breaker points were used with electronics for only 
a short time. This system was the forerunner of 
the completely electronic system. 


Figure 182. Transistor Control Primary Circuit 
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Electronic Ignition System Operation 


As a separate system, the electronic ignition 
system (Figure 183) is an improvement of the 
breaker point system. One of the major differences 
is the replacement of the breaker points with an 
electronic circuit. The battery, ignition switch, and 
primary coil windings operate the same as in the 
standard: ignition system. However, the 
distributor cam, cam follower, and movable point 
arm are replaced by a magnetic pickup system to 
determine proper firing points. 


In an electronic ignition system the primary 
circuit contains the following: 


* Battery 

* Ignition Switch 

* Primary Coil Windings 

* Magnetic Pickup Assembly, often called Stator 
Assembly 

Electronic Switching Unit 


The secondary circuit in an electronic ignition 
system contains the same components as the 
standard ignition system. They are as follows: 


* Secondary Coil Winding 
* Distributor Cap 

* Distributor Rotor 

* Spark Plugs and Wires 
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Operation of the primary circuit in an electronic 
ignition system is the job of the magnetic pickup 
assembly and the electronic switching unit. The 
magnetic pickup assembly is made up of an 
armature, containing the same number of poles 
as there are cylinders in the engine, a permanent 
or electro magnet, and a pickup coil (Figure 184). 
The armature makes up the upper part of the 
distributor shaft and replaces the cam found in 
this position on the standard ignition system. The 
pickup coil is mounted to the distributor plate as 
the ignition points were in the standard system. 
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Figure 183. Electronic Ignition System 
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As the distributor shaft rotates (Figure 185), the 
poles or fingers of the armature pass in front of 
the pickup coil. As the finger approaches the pick- 
up coil a positive voltage is magnetically induced 
in the pickup coil, reaching its peak just as the 
two poles align. As the armature finger moves 
away from the pickup coil, a negative current is 
induced in the pickup coil. This cycle happens 
continuously as the distributor shaft is turning. 
The voltage that is produced by the pickup as a 
result of this current is then supplied to the 
electronic switching unit also known as an 
ignition module. The ignition module uses this 
very small voltage signal to open and close the 
coil primary circuit just as the breaker points 
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Figure 185. Pickup Coil and Armature Tooth 


control the primary circuit in the standard 
ignition system. 


The balance of the electronic ignition system 
operation is identical to that of the standard 
ignition system. The ignition module opens the 
primary circuit in the ignition coil just as the 
signal from the pickup coil changes from positive 
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to negative. The opening of the primary circuit 
causes its magnetic field within the ignition coil 
to collapse. The collapse of the field induces a high 
voltage in the coil secondary winding. This high 
voltage is then sent to the spark plugs through 
the high tension leads, the distributor cap, and 
the rotor. When the high voltage reaches the spark 
plug, it jumps the gap between the spark plug 
electrodes and ignites the air/fuel mixture in 
cylinder. 


As explained earlier, in the breaker point system 

timing of the spark is relative to the time the 
piston reaches TDC and is a very critical function. 
Spark advance also affects engine exhaust 
emissions and performance. In many of the earlier 
electronic ignition systems, spark advance control 
for changes in the engine load and speed was 
achieved in much the same way as in a breaker 
point system. That is, manifold vacuum and 
centrifugal force were employed to move the 
pickup coil relative to the armature by rotating 
the plate in the distributor upon which the pickup 
coil is mounted. 


With the newer electronic systems, which are 
controlled by an electronic computer (such as an 
electronic control assembly), the spark advance 
can be controlled electronically. Sensors that 
measure absolute pressure (MAP), barometric 
absolute pressure (BAP), engine rpm, etc., provide 
the inputs to the computer, which calculates the 
spark advance needed. The computer then 
generates the pulse to drive the ignition actuator 
circuit or open the coil primary circuit itself. 


IGNITION SYSTEMS 


Duraspark Systems 


The Duraspark ignition systems were a series of 
electronic ignition systems used on Ford Motor 
Company vehicles in previous years. Duraspark 
I and II were basically the Ford versions of the 
electronic ignition system just described. 
However, Duraspark III offered a number of 
advances in ignition system control. 


Duraspark III is an example of an ignition system 
which is controlled by Electronic Engine Controls. 
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While the ignition module used on Duraspark III 
ignition systems is similar in appearance to other 
Duraspark systems, much of the internal circuitry 
has been eliminated. The eliminated circuitry is 
not required because the Electronic Control 
Assembly (ECA) in the EEC system performs 
these functions instead of the ignition module. 
The ECA accomplishes this by using information 
from various sensors to activate control solenoids 
(Figure 186). 
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Figure 186. Typical Electronic Engine Control System 
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Another unique feature of Duraspark III is the 
elimination of centrifugal and vacuum advance 
mechanisms in the distributor. Engine timing is 
not controlled by the distributor but by the ECA. 
The only job that the distributor performs is the 
distribution of secondary voltage from the coil to 
the spark plugs. The ECA signals when to break 
the coil primary circuit which generates the 
secondary high voltage at the coil. 


The Duraspark III system distributor does not 
contain a pickup coil or armature. The pickup coil 
is moved from the distributor and placed down 
near the crankshaft and called the crankshaft 
position sensor (Figure 187). The crankshaft 
position sensor is mounted immediately in front 
of the cylinder block and aligned with the 
crankshaft pulse ring. The sensor identifies the 
actual position of the crankshaft and operates like 
the breakerless distributor pickup coil and 
armature which make and break the ignition 
primary circuit. The tip of the crankshaft position 
contains a permanent magnet and wire coil. As 
the crankshaft rotates, the individual pulse ring 
lobes approach and finally align with the sensor 
tip. The metal lobe cuts the signal from the sensor 
to the ECA. 


The ECA is the control center of the EEC system. 
On the Duraspark III system, it interprets the 
pulses of electrical inputs from the crankshaft 
position sensor for spark timing. It also senses 
engine speed (rpm). This information, along with 
crankshaft position is used for spark advance 
calculation. This eliminates the need for 
distributor centrifugal advance mechanism. 
Although the ECA controls many engine 
functions, one of its main outputs on this system 
is the ignition timing signal to the Duraspark 
ignition module. The Duraspark module opens the 
coil primary. 


The resulting collapse of the field induces high 
voltage current in the secondary winding of the 
coil. As the distributor rotor turns faster and the 
frequency of the AC signal becomes higher, the 
time span between the pulses becomes shorter. 
The ignition module has built-in timing circuits 
that maintain optimum coil charging time 
between pulses—in effect it tailors the coil on time 
or dwell to produce a constant high voltage 
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secondary current flow. Since the electronic 
control assembly knows where the crankshaft is 
positioned at all times and has sensors to read 
manifold vacuum as well as many other engine 
conditions, it’s not surprising that it can tell the 
ignition module when to fire with extreme 
accuracy. 


Like the Duraspark systems, the Electronic 
Engine Control systems were produced in 
different versions with different capabilities. While 
it is not important for you to know the exact 
differences in engine control systems, you should 
be aware of the fact that certain ignition systems 
can only be used with certain ignition systems. 
For example, the Duraspark III ignition system 
can only be used with the EEC-II and EEC-III 
systems. 
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Figure 187. Crankshaft Position Sensor 


IGNITION SYSTEMS 


Thick Film Integrated (TFI) Ignition Systems 
ТЕЧ 


The Thick Film Integrated-I (TFI-I) (Figure 188) 
ignition system was introduced in 1982. 
Electronically, its operation is very similar to the 
basic electronic ignition or Duraspark I and II 
systems. One major difference is that the TFT-I 
module is mounted directly to the base of the 
distributor assembly. The mounting of the 
ignition module on the distributor eliminates the 
need for a wiring harness and connectors between 
the module and the distributor. The TFI-I module 
is also much smaller than a Duraspark I or II 
module. Operation remains the same though more 
efficient. 


TFT-I also features a different type of ignition coil, 
called the “Е” coil (Figure 189). This coil takes 
its name from the E shape of the laminations 
making up its core. The E-core coil has a higher 
energy transfer, because its laminations provide 
a closed magnetic path. 
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The TFT-I system did not have EEC and the TFI 
module opened and closed the coil primary circuit. 
Advance and retard functions were performed by 
a vacuum controlled diaphragm and centrifugal 
mechanism exactly as in the breaker point 
ignition system. 
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Figure 188. Ignition Systems 
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TFI-IV and Universal Distributor 

The TFI-IV module was introduced in 1983 and 
is used only with the universal distributor (Figure 
190) and the EEC-IV system. It is generally 
mounted to the Universal distributor in the same 
manner as the TFI-I. The distributor contains the 
PIP (Profile Ignition Pickup) sensor, the octane 
rod, and the Hall effect vane switch stator. 
Operation of the distributor is accomplished by 
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Figure 190. Exploded View - Universal Distributor 
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the Hall effect vane switch stator assembly 
switching the ignition coil off and on through the 
ECA. The vane switch unit consists of a plastic 
vane with a Hall sensor on one side and a magnet 
on the other. The Hall effect is a process in which 
current passes through a small slice of 
semiconductor material at the same time a 
magnetic field passes through it producing a small 
voltage in the semi-conductor (Figure 191). 
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Figure 191. Hall Effect Pickup 
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In this application, a rotary cup vane of iron-like 
or ferrous material is used. The switching action 
is accomplished by controlling the ratio of vane 
to window widths (Figure 192). 


Normally, the magnetic path is completed from 
the permanent magnet to the Hall effect device 
and back through the magnet. This condition 
exists when the window of the rotary vane cup 
is between the magnet and the device. As the vane 
passes through this opening, the magnetic flux 
lines are blocked (shunted) through the vane back 
to the magnet. This prevents the magnetic flux 
lines from passing through the Hall effect device. 


During the time the Hall effect device is turned 
on, a voltage pulse is produced. When the vane 
clears the opening, the “window” edge shuts the 
device down and the signal is turned off. The pulse 
is then used by EEC-IV electronics for crankshaft 
position sensing and the computation of the 
desired spark advance based on engine demand 
and calibration. Since the Hall device is either on 
or off, it produces a pulsating DC wave with sharp 
corners which looks like a “square wave" (Figure 
193). This exact ON/OFF condition supplies more 
precise timing information to the ECA so it, in 
turn, can control adjustments to trigger the TFI 
system more accurately. 


WINDOW VANE 
NORMAL FLUX 
PATH 


HALL PERMANENT 
EFFECT MAGNET 


DEVICE HALL 


EFFECT 


DEVICE 
SWITCH ON 
(WINDOW AT SWITCH) 


The Universal distributor, unlike the one used ^^" 


with the TFI-I, contains no advance mechanism 
and all adjustments of timing and dwell are 
accomplished electronically. The conditioned 
spark advance and high voltage distribution are 
accomplished through conventional rotor, cap, and 
spark plug wires. The octane rod adds a provision 
for fixed octane adjustments. The adjustment is 
accomplished by replacing the zero-degree retard 
rod located in the distributor bowl with a 3-degree 
or 6-degree retard rod released for service only. 


Figure 193. Square Wave 
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Figure 192. Hall Effect Operation 
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PIP Signal 

The PIP signal is generated in the Profile Ignition 
Pickup (PIP) assembly and is an indication of 
crankshaft position and speed (base timing). The 
PIP signal is fed to both the TFI-IV module and 
to the ECA (Figure 194). 


The PIP signal is one of many inputs processed 


by the ECA. The ECA after taking all sensor 
information, produces a new signal called the 
Spout. The Spout represents the engine operation 
condition “electronically,’ and is sent back to the 
TFI module for comparison with the PIP signal. 
The TFI-IV then uses both of these signals to fire 
the ignition coil at the proper timing interval. 
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Figure 194. Pip and Spout Signals 
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LOS Mode 

If for some reason there is a failure in the 
Electronic Control Assembly, the system goes into 
what is called the Limited Operation Strategy 
(LOS) mode. In this mode, the ECA output 
commands are cutoff and the ignition system 
operates with a fixed 10-degree BTDC spark 
advance only, regardless of sensor input signals. 
The LOS mode allows the ignition system to 
continue to operate until the vehicle can be 
serviced, but poor performance, decreased 
mileage, and increased emissions may occur. 
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DISTRIBUTORLESS IGNITION SYSTEM 


The Distributorless Ignition System (DIS) (Figure 
195) eliminates the use of the distributor and rotor 
assembly. The DIS system replaces these 
components with a crankshaft mounted, Hall 
effect Profile Ignition Pickup (PIP) sensor, acam 
driven Hall sensor (CID), an ignition coil 
assembly, and an ignition module. 
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Figure 195. Distributorless Ignition System 
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In the DIS system, the distribution of the spark 
is controlled by an ignition coil assembly (Figure 
196) which features one ignition coil for each pair 
of cylinders in the engine. For example, a six 
cylinder engine would require an ignition coil 
assembly composed of three ignition coils. Each 
of these individual coils will fire two spark plugs 
at the same time. The spark plugs are arranged 
so that as one fires at the beginning of the 
compression stroke another is firing at the end 
of the exhaust stroke. The next time the coil is 
fired the spark plug that fired on the exhaust 
stroke previously will now be on the compression 
stroke and the one that was on the compression 
stroke previously will now be on the exhaust 
stroke. The spark used in the cylinder during the 
exhaust stroke is always wasted but very little of 
the coil energy is lost in the process. 


Like the TFI-IV system, crankshaft position and 
speed information are supplied to the ignition 
module by a Hall effect device. However, on the 
DIS system this Hall device is located near the 
front of the engine at the crankshaft and is 
separate from the ignition module. As with the 
’ ТЕМУ system, this Hall device supplies the PIP 
signal to both the ignition module and the ECA. 


The DIS system also features a single tooth Hall 
effect camshaft position sensor which supplies 
information to the ignition module and the ECA. 
This sensor is required so that the ignition module 
will know which coil to fire, and the ECA will 
coordinate fuel delivery requirements. 


The DIS system also features a spout signal from 
the ECA to the ignition module. As with the TFI- 
IV system, this spout signal represents the engine 
operating condition and is sent back to the 
ignition module for comparison with the PIP 
signal and the determination of proper timing. 
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The signal supplied to the ECA from the ignition 
module provides diagnostic information about the 
ignition system for self-test purposes. The IDM 
is also used to drive the vehicle's tachometer. 


Failure Effects Management System 


In cases of CID circuit failure while a start is 
attempted, the ignition module will lack cylinder 
identification information. The ignition will now 
randomly select one of the coils and will continue 
to do so with each attempted cranking of the 
engine until starting occurs. This Failure Effects 
Management (default) system attempts to keep 
the vehicle driveable in spite of certain EEC 
system failures. When this system is used, the 
ECA opens the spout line, and the ignition module 
fires the coils directly from the PIP signal. Under 
these conditions, the ignition timing will remain 
at a fixed 10° BTDC. 


Figure 196. Six Cylinder DIS Ignition Coil Assembly 
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EXHAUST EMISSIONS 


Gasoline is a mixture of chemical compounds 
which are called hydrocarbons. The name 
hydrocarbons is derived from the chemical 
formation of the various gasoline compounds, 
each of which is a chemical union of hydrogen (H) 
and carbon (C). In addition, the gasoline contains 
natural impurities as well as chemicals added by 
the gasoline refiner. All of these produce 
undesirable exhaust elements when the gasoline 
is burned. 


During the combustion process, the carbon and 
hydrogen combine with oxygen from the air, 
releasing heat energy and forming various 
chemical compounds. If the combustion is perfect 
and complete, the exhaust gases will consist only 
of carbon dioxide (СО:) and water (H:;O), neither 
of which is considered harmful in the atmosphere. 


Unfortunately, the combustion of the internal 
combustion engine is not perfect. In addition to 
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the CO: and Н.О, the exhaust contains carbon 
monoxide (CO), oxides of nitrogen (NOx) (which 
are produced by a chemical union of nitrogen and 
oxygen), unburned hydrocarbons (HC), oxides of 
sulfur and other compounds. The exhaust 
emissions controlled by US government standards 
are CO, HC, and NOx. Since sulfur is contained 
in crude oil as it comes of the ground, it is the 
responsibility of the refiner to remove sulfur prior 
to producing gasoline. 


The first exhaust control requirements started in 
California in 1966. Since then, the federal 
government began imposing emission control 
limits for all states and the standards became 
progressively more difficult to meet. Automobile 
manufacturers found that the traditional engine 
controls could not meet these emission limits 
while maintaining adequate engine performance. 
Therefore, electronic engine controls (Figure 197) 
were introduced for better and more precise 
control of engine functions and emissions. 
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ELECTRONIC ENGINE CONTROLS 


An Electronic Engine Control (EEC) system is an 
assembly of electronic and electromechanical 
components which continuously monitor engine 
operation in order to meet emission as well as fuel 
economy and driveability requirements. 


Many of the emission control systems present on 
today’s vehicles are controlled through the 
Electronic Control Assembly (ECA) computer of 
the EEC system. The ECA receives information 
concerning engine operating conditions from 
various sensors (inputs). The information obtained 
from these sensors is in turn compared by the 
ECA with ideal operating condition information 
(lookup tables) stored within the ECA memory. 
With this comparison, the ECA adjusts the 
various systems under its control through 
actuators (outputs) to approximate the ideal 
operating conditions. 
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ECA Modes of Operations 


The ECA operates in one of two modes: open loop 
or closed loop (Figures 198 & 199). In open loop, 
the ECA receives signals from the sensors and 
controls the actuators according to its internal 
preset calibrations. For example, if the throttle 
position (TP) and the manifold absolute pressure 
(MAP) sensors inform the ECA of a wide-open 
throttle acceleration condition, the ECA will 
adjust the fuel mixture and ignition timing 
advance according to its look-up tables. When the 
ECA examines the look-up tables, it must know 
certain other details of engine operation to 
effectively operate. For example, information must 
be obtained concerning air charge temperature 
and coolant temperature from sensors designed 
to measure these temperatures. Having this 
information will allow the ECA to adjust the fuel 
mixture not only for wide-open throttle 
acceleration, but also for the temperature at which 
the engine is operating. 
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Figure 198. Open Loop Fuel Control 
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Figure 199. Closed Loop Fuel Control 


In closed loop, the ECA also receives a signal that 
indicates how it is doing in controlling some of 
the outputs/actuators. The sensor that provides 
this information to the ECA is known as the 
Exhaust Gas Oxygen (EGO) sensor (Figure 200) 
and is located in the exhaust manifold. The EGO 
sensor is used by the ECA to control the air/fuel 
mixture. The sensor body is made of a material 
that generates a voltage signal based on the 
difference in oxygen content between the ambient 
air and exhaust gases. 


When the EGO sensor senses oxygen, it will 
generate a small voltage of between zero and one 
volt. A lean air/fuel mixture will cause the 
generation of a voltage between zero and 0.40 
volts. A rich air/fuel mixture will cause the 
generation of a voltage between 0.60 and 1.0 volt. 


When the exhaust gas sensor generates a voltage 
of 0.60 to 1.0 volt, the ECA will interpret this to 
mean that the air/fuel mixture is rich. The ECA 
then will adjust the affected actuators to obtain 
a EGO voltage reading of between 0.40 and 0.60 
volts when the air/fuel ratio is at a proper balance. 


By its design, an EGO sensor cannot operate until 
an exhaust temperature of 300°C (572°F) has been 
reached. For this reason, the ECA ignores the 
EGO signal and operates in open loop until the 
engine is warm. However, the effective operating 
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temperature of the EGO sensor can be lowered 
by adding a heating element to the sensor. This 
type of sensor is known as a Heated Exhaust Gas 
Oxygen (HEGO) sensor and is able to operate at 
an exhaust temperature of 200°C (392°F). 


We will now consider some the other emission 
control devices and systems used on modern 
vehicles. Some of these other devices are directly 
controled by the ECA while others operate 
independently. However, it should be remembered 
that the operation of all of these systems 
determines to a large part the driveability and 
emission control effectiveness of any modern 
vehicle as controlled by the ECA. 


Figure 200. Exhaust Gas Oxygen (EGO) Sensor 
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EVAPORATIVE EMISSION CONTROL 


The evaporative emission control system (Figure 
201) is a system used in vehicles to control the 
release of fuel vapors into the atmosphere. 


As you learned earlier, the fuel tank requires a 
vent system to relieve the pressure created by the 
expansion of fuel due to heat. This vent system 
also must allow for the entrance of a supply of 
air to replace the fuel being removed by the fuel 
pump when the engine is running. On a modern 
vehicle this venting system along with the 
carburetor bowl vent in carbureted system must 
be sealed to prevent the escape of the fuel vapors 
into the surrounding environment. The basic 
operating scheme of the sealed system of vehicles 
produced today is quite simple. The venting 
system on the fuel tanks and the related systems 
direct fuel vapors through a vent line which 
connects to a fuel vapor recovery canister filled 
with activated charcoal. When the fuel in a system 
expands due to heat, the vapors created by this 
expansion are held by the charcoal. If the engine 
is off or cold, these vapors will be retained in the 
charcoal canister (Figure 202) until the engine is 
running at warm engine cruise. With the engine 
running under these conditions, the fuel vapors 
will be drawn (purged) from the canister through 
the canister purge line into the air inlet for 
burning. While this purging of vapors is in 
progress, a vent in the canister permits fresh air 
to enter the canister and further clear it of vapors. 
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The EEC system often controls the evaporative 
emission control system through the use of an 
electrically controlled valve or solenoid known as 
the Canister Purge Solenoid (CANP). 
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Figure 202. Typical Fuel Evaporative Emission Canist 
(925 ml Canister Shown) 
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Figure 201. Evaporative Emission Control 
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The CANP (Figure 203) is a normally closed 
solenoid mounted in-line between the carbon 
canister and the intake manifold. When the ECA 
determines the engine to be operating under the 
proper conditions for canister purging to occur, 
it will energize the solenoid. This energizing will 
open the canister purge line and permit manifold 
vacuum to draw the fuel vapors. When the ECA 
de-energizes the solenoid, fuel vapors are 
prevented from entering the intake manifold and 
retained in the canister. 
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Figure 203. Canister Purge (CANP) Solenoid 
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CRANKCASE VENTILATION SYSTEMS 


The Positive Crankcase Ventilation (PCV) system 
is a type of emission control system that operates 
independently of other emission control systems 
and is never controlled directly by the ECA. 


While the PCV system is an emission control 
system, it can also be considered part of the 
engine lubrication system. This is because one of 
its functions is to prevent blow-by gases of the 
cylinders from breaking down the engine oil. The 
system is also used to prevent pressure from 
building in the engine which could damage the 
engine gaskets and seals. 


On earlier gasoline engines (Figure 204), blow-by 
gases were vented through the breather cap and 
a road draft tube. A road draft tube is simply a 
pipe used to carry these gases to the atmosphere. 
This system works well but adds to air pollution 
and also has a tendency to drip oil. 
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Figure 204. Road Draft Method 
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W ТО meet emission standards, the PCV system 


(Figure 205) was fitted to vehicles. The system 
consists of sealed oil cap with a hose that leads 
to the air filter, a PCV valve (Figure 206) and a 
hose which runs from the PCV valve to the intake 
manifold. 


As pressure builds in the crankcase, the valve 
opens against the tension of its internal spring(s). 
Vacuum in the intake now draws the blow-by gases 
through the valve. The gases enter the combustion 
chamber along with the air/fuel mixture and are 
burned. As the gases are burned, they must be 
replaced with fresh air. If this not done, a vacuum 
will form in the crankcase which will draw the oil 
from it. The required fresh air is drawn from the 
air filter through the oil filler cap and air cleaner. 


While the PCV valve serves to regulate the flow 
of crankcase gases, it also acts as a safety valve. 
Should the engine backfire, the pressure in the 
intake manifold will close the valve to prevent the 
backfire from reaching the crankcase. The fuel 
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induction systems on engines equipped with PCV 
systems are set up to compensate for air supplied 
through the system. For this reason the system 
must be kept clean and the proper valve installed. 
Each engine type requires a different valve, the 
wrong valve will affect engine performance. 


FRESH AIR 
(CLOSURE) 
HOSE 


PVC VALVE 
CONTROLS 
FLOW 


OIL 
SEPARATOR 


—— AIR 


BLOW-BY 
~~ VAPORS 


173 


EMISSION CONTROL SYSTEMS 


EXHAUST GAS RECIRCULATION 


At high combustion temperatures and pressures 
in an engine, the nitrogen present in air has a 
chemical reaction with oxygen to produce oxides 
of nitrogen (NOx) (Fig 207), a harmful emission. 
The exhaust gas recirculation system operates by 
taking some of the exhaust gases produced by 
combustion and ''recirculates" them into the 
combustion chamber. This Exhaust Gas 
Recirculation (EGR) works by lowering the 
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Figure 207. Formation of Nitrous Oxides 


Figure 208. EGR Valves 


combustion temperatures and pressures. This in 
turn lowers the level of NOx emissions. The EGR 
system will not compromise fuel economy but can 
slightly decrease power or increase hydrocarbon 
emissions. 


Exhaust gas flow is regulated through an EGR 
valve (Figures 208 & 209). EGR valves are 
designed to admit carefully controlled amounts 
of exhaust into the intake manifold. The exact 
amount of exhaust flow will change according to 
engine speed and load. 
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Figure 209. Schematic of EGR System 
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The earliest EGR valves were controlled by engine 
vacuum, as on ported EGR valve systems (Figure 
210). A vacuum controlled EGR valve uses a 
vacuum diaphragm to regulate the valve or pintle. 
This type of EGR valve is normally closed and 
with a weak engine vacuum, the EGR valve 
remains closed. With a strong engine vacuum, the 
EGR valve opens allowing exhaust gases to flow 
into the intake manifold. However, since the 
vacuum take off for an EGR valve is generally 
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located above the throttle plate, the diaphragm 
spring retains the pintle in the closed position and 
no exhaust gas flow occurs in idle mode. In this 
type of EGR system a temperature vacuum 
switch is placed between the EGR valve and the 
intake manifold. This prevents vacuum flow to the 
EGR valve below certain temperatures. With the 
lowering of combustion temperatures due to EGR 
flow, operation of the valve is unwanted and thus 
prevented. 
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Figure 210. Ported EGR Valve Operation 
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In certain applications, the manifold vacuum of апа vacuum reservoir (Fig 211) may be required 
valve operation. In these cases a vacuum amplifier 
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Figure 211. For System Vacuum Rooting 
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Today’s electronically controlled EGR systems 
also utilize an EGR valve. However, the EGR 
valve is controlled by the ECA, allowing closer 
monitoring of EGR flow rates. The EGR system 
can also be “‘shut off" or increased as needed. For 
example, shutting off EGR flow at wide open 
throttle (WOT) allows the engine to deliver the 
increased power needed for acceleration. 


The electronically controlled EGR system is 
controlled by the ECA through two solenoids or 
electrical valves and a sensor device. 


The first solenoid is the EGR control (EGRC) 
solenoid (Figure 212) which controls vacuum to 
the EGR valve. The EGRC is normally closed. 
This means that if no voltage is applied to the 
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Figure 212. Normally Closed EGRC Solenoid 


EGRC, no vacuum signal flows through the 
solenoid. When voltage is applied to EGRC, the 
valve opens and the vacuum signal passes 
through the solenoid to the EGR valve. The 
second solenoid is the EGR vent (EGRV) solenoid 
(Figure 213) which is used to vent the vacuum 
signal. The EGRV is normally open. If no voltage 
is applied to the ERG, the vacuum vent remains 
open allowing the vacuum signal to be vented to 
the atmosphere. When voltage is applied to the 
ЕСВУ, the vent closes and the vacuum signal is 
trapped in the vacuum line. When the vacuum 
signal is trapped, the ECA can apply EGR flow 
even during conditions of low vacuum. 
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Figure 213. Normally Open EGRV Solenoid 
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Together, these two solenoids, along with the 
ECA, control the EGR valve by: 


the ECA with feedback concerning the exact 
position of the EGR valve. The ECA uses the 


input of the EVP to estimate EGR flow rates. 


The ECA also can use another type of sensor to 
monitor the flow rates. This sensor is known as 
the pressure feedback EGR valve position (PFE) 
sensor. The PFE sensor measures the pressure 
inside the EGR valve. When EGR flows, the PFE 
sensor detects the pressure drop across the EGR 
valve. Input from the PFE sensor is used to 
estimate EGR flow rate. 


* Increasing vacuum to the EGR valve, thus 
opening the EGR valve and increasing EGR 
flow (Figure 214). 


* Trapping vacuum, thus maintaining EGR flow 
(Figure. 215). 

* Venting vacuum, thus closing the EGR valve 
and decreasing EGR flow (Figure 216). 


The ECA can monitor EGR flow using the EGR 
valve position (EVP) sensor. This sensor provides 
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Figure 214. Increased EGR Flow 
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Figure 215. Maintained EGR Flow 
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Figure 216. Decreased EGR Flow 


179 


EMISSION CONTROL SYSTEMS 


EXHAUST SYSTEMS AND 
CATALYTIC CONVERTERS 


The exhaust system (Figure 217) is used to collect 
and discharge the exhaust gases caused by the 
combustion of the air/fuel mixture within the 
engine. The exhaust system found on today's 
vehicles must also aid in control of emissions. 


The catalytic converter, mounted in the exhaust 
system, plays a major role in the emission control 
system. The converter works as a gas reactor, and 
its catalytic function is to speed up the heat 
produced chemical reaction between the exhaust 
gas components in order to reduce the air 
pollutants in the exhaust. 
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In all types of engines the exhaust gas flows from ^ 


the manifold to the exhaust or inlet pipe. The inlet 
pipe then connects to a series of exhaust pieces 
made up of a catalytic converter, muffler, and 
interconnecting pipes. 


The function of the muffler is to help quiet the 
sound of combustion. Some large engine exhaust 
systems also feature a second muffler or resonator, 
which is used to further muffle exhaust noise. 


The muffler is simply a can or container with an 
inlet and outlet pipe attached. Inside the 
container are a series of baffles designed to deflect 
the exhaust within the container. The baffeling 
or deflecting of the exhaust quiets the sounds of 
combustion as it leaves the tailpipe. 
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Figure 217. Exhaust System 
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All Ford exhaust systems are now equipped with 
a catalytic converter. A catalyst is a substance 
that causes a chemical change when added to 
something but is not changed itself. Depending 
on the system you will find one to four converters 
used. All will be two basic types (Figure 218). The 
two types are the Conventional Oxidation 
Catalyst (СОС) and a dual converter (TWC/COC). 


The COC is a ceramic honeycomb coated with a 
catalytic material to control the emissions of 
hydrocarbons (HC) and carbon monoxide (CO). 
The catalytic material for the COC is platinum 
and palladium. Because this unit controls only 
two of the three exhaust emissions it is sometimes 
called a two way catalyst. 


The dual converter uses both a two and three way 
catalyst and controls oxides of nitrogen (NOx) as 


SINGLE COC 


TWC/COC 


well as hydrocarbons (HC) and carbon monoxide 
(CO). 


This converter contains two separate ceramic 
honeycombs, each coated with a different catalytic 
material. The front catalyst is coated with 
rhodium and platinum and is designed to control 
NOx, HC, and CO. This unit is commonly called 
a three way catalyst, as it acts on all three exhaust 
emissions. From the three way catalyst the 
exhaust gases pass through an air chamber and 
onto the COC converter. Air for this chamber is 
produced by a system known as the “secondary 
air system" and is necessary for proper oxidation 
of HC and CO in the COC converter. The 
operation of the rear section and its construction 
is the same as the standard COC converter. This 
section will further reduce HC and CO to harmless 
water vapor. 
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Figure 218. Typical Catalytic Convertors 
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THERMACTOR AIR SYSTEM 


Electronic controls have allowed vehicle 
manufacturers to improve the effectiveness of the 
catalytic converter and exhaust system. As you 
have learned, directing additional oxygen into the 
catalytic converter can improve its effectiveness 
as an emission control device. The system which 
adds this fresh air to the catalytic converter is 
called the “secondary air system.’ The secondary 
air system developed for Ford vehicles is called 
the '"Thermactor" system. 


With the Thermactor system (Figure 219), air 
from an air pump can be directed either 
"upstream" to the exhaust manifold or 
"downstream" directly to the catalytic converter. 
The Thermactor system also allows secondary air 
usage to be bypassed (vented to atmosphere) at 
certain times. The decision as to where secondary 
air is to be applied is controlled by operating 
conditions as determined by the ECA through 
sensor inputs. 


The Thermactor air system does not affect the 
air/fuel mixture. Therefore, a failure to deliver 


Thermactor air to the exhaust manifold or the 
catalytic converter will not affect engine 
performance. Such a failure will, however, reduce 
the oxidation of hydrocarbons (HC) and carbon 
monoxide (CO). This can cause the vehicle to fail 
emission tests required in certain states. 


The Thermactor air system is controlled by the 
ECA through two solenoid valves. These valves 
are: 


* Thermactor air bypass (TAB) solenoid 
* Thermactor air diverter (TAD) solenoid 


Two vacuum valves are also used in the control 
of Thermactor air. These valves are: 


* Thermactor air bypass valve 
* Thermactor air diverter valve 


The two solenoids are used solely to control the 
application of vacuum to the air bypass valve and 
air diverter valve. We will now consider the 
operation of each valve and how it relates to the 
other valves. 
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Figure 219. Thermactor Air System 
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Thermactor Air Bypass (TAB) Solenoid 
The Thermactor air bypass (TAB) solenoid (Figure 
220) is controlled directly by the ECA. The TAB 
in turn controls vacuum application to the air 
bypass valve. 

The TAB is a normally closed solenoid valve. 
When no current flows through the TAB solenoid, 
it remains closed. Thus vacuum is not applied to 
the air bypass valve. When current flows through 
the TAB solenoid, the TAB valve opens, and 
vacuum is applied to the TAB valve. 
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Figure 220. Thermactor Air Bypass (TAB) Solenoid 


Thermactor Air Bypass Valve 


The Thermactor air bypass valve (Figure 221) is 
controlled by the TAB solenoid. The air bypass 
valve in turn controls Thermactor airflow. 


The air bypass valve is normally closed. When no 
vacuum is applied to the air bypass valve, the 
valve remains closed and Thermactor air is vented 
to the atmosphere. When vacuum is applied to the 
air bypass valve, the valve opens and Thermactor 
air flows to the air diverter valve. 
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Figure 221. Thermactor Air Bypass Valve 
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Thermactor Air Diverter (TAD) Solenoid 


The Thermactor air diverter (TAD) solenoid valve 
(Figure 222) is controlled by the ECA. The TAD 
in turn controls the application of vacuum to the 
air diverter valve. The TAD is a normally closed 
solenoid valve. When no electrical current flows 
through the TAD solenoid, the TAD valve remains 
closed and vacuum is not applied to the air 
diverter valve. When current flows through the 
TAD solenoid, the TAD valve opens and vacuum 
is applied to the air diverter valve. 
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Figure 222. Thermactor Air Diverter (TAD) Solenoid 


Thermactor Air Diverter Valve 


The Thermactor air diverter valve (Figure 223) is 
controlled by the TAD solenoid. The air diverter 
valve directs Thermactor air either upstream to 
the exhaust manifold or downstream to the 
catalytic converter. 


The air diverter valve is normally closed. When 
no vacuum is applied to the air diverter valve, 
Thermactor air is diverted downstream to the 
catalytic converter. When vacuum is applied to 
the diverter valve, the valve opens, and 
Thermactor air is diverted upstream to the 
exhaust manifold. 
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Figure 223. Thermactor Air Diverter Valve 
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OPERATION STRATEGIES 


= тһе ECA uses the input of various sensors to 
determine the direction of Thermactor airflow and 
solenoid activation scheme (Figure 224). 
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Bypass Conditions When the engine reaches operating temperature, 
Thermactor air may be bypassed (Figure 225) for on ar Can о upstream, 
several reasons. Thermactor air is typically ownstream, or bypassed as needed. 


bypassed during cold engine crank and cold idle. 
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Figure 225. Thermactor Air Bypassed 
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Upstream Conditions 


In warm crank/start-up conditions (such as with 
coolant temperature above 55°F), Thermactor air 
runs upstream (Figure 226). This helps to control 
emissions in several ways. 


You will recall that the air/fuel mixture at engine 
crank is typically very rich. This results in 
unburned HC and CO remaining after 


combustion. By switching Thermactor air 
upstream, the hot hydrocarbons and carbon 
monoxide mix with the Thermactor air and are 
burned up. In addition, by burning the 
hydrocarbons and carbon monoxide, the exhaust 
becomes hot. This helps the EGO sensor to heat 
up and begin operating. Thus, switching 
Thermactor air upstream allows the EEC system 
to switch to closed loop operation sooner. 
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Figure 226. Thermactor Air Upstream 
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Downstream Conditions 


The Thermactor system operates downstream 
(Figure 227) during most engine modes. After a 
few minutes of operation with Thermactor air 
upstream, the catalytic converter reaches 
operating temperature and the ЕСО sensor has 
warmed up (Figure 228). This means that the 
ECA can operate in closed loop. 


Also after engine warm up, the air/fuel mixture 
no longer runs rich. There are fewer excess 
hydrocarbons remaining from combustion. Thus, 
it is no longer necessary to run Thermactor air 
upstream to burn hydrocarbons. 


With the engine, EGO sensor, and catalytic 
converter warm, Thermactor air is switched 
downstream and mixes with exhaust gas inside 
the catalytic converter (Figure 229). 
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Figure 227. Thermactor Air Downstream 
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Figure 228. Upstream Thermactor Air Heats the EGO Sensor and Catalytic Convertor 
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Figure 229. Downstream Thermactor Air Helps TWC To Reduce NOx 
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THERMACTOR AND EGO 
SENSOR OPERATION 


By switching Thermactor air upstream during 
engine warm up, the ЕСО sensor warms up. The 
warm EGO sensor can now send exhaust gas 
oxygen information to the ECA. 


However, upstream Thermactor air increases the 
oxygen level in the exhaust. With the increased 
oxygen, the voltage signal from the EGO sensor 
will remain continuously low. Thus, the EGO 
sensor indicates to the ECA a continuously lean 
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condition, that is, too much oxygen. Switching 
Thermactor air upstream results in inaccurate 
exhaust gas oxygen measurement. 


Therefore, anytime Thermactor air is directed 
upstream, the ECA automatically switches to 
open loop control (Figure 230). The ECA can 
operate in closed loop only when Thermactor air 
is switched downstream (Figure 231). By 
switching Thermactor air downstream, the EGO 
sensor provides accurate information on the 
oxygen content of exhaust. 
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Figure 230. Thermactor Air Upstream - System Operates In Open Loop 
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Figure 231. Thermactor Air Downstream - System Can Operate In Closed Loop 
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EMISSION CONTROL SYSTEM ABREVIATION WORKSHEET 


Directions: Write in the full name of each emission control system or component after the 
*«— appropriate abbreviation. 


1. POV Pulih (ambes Vordi dihet positive crankcase ventilation valve 


2.EGR Exhaust gov поле Valve — exhaust gas recirculation valve 
3. TWC Thu Way Inu ИИ three way catalyst 


4. COC renden) а Даралар Солова ИИ conventional oxidizing catalyst 
5. TAD Dumas Ar Arab ale thermactor air diverter valve 


6. TAB Bermuda Us, Dy pata Malte — thermactor air bypass valve 


7. EGO 25g _ exhaust gas oxygen sensor 
&EVP EGR Valve Pook, Sensor . EGR valve position sensor 
9.CANP L canister purge solenoid 

10. HEGO H Gos O си «(heated exhaust gas oxygen sensor 
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EMISSION CONTROL SYSTEM DEFINITION WORKSHEET 


Directions: Match the emission control system or component on the left with the appropriate defini- 
\ tion оп the right. Indicate your choice by placing the letter before the definition after the emission 
control system or component. 


1. Thermactor _G | X, Is used to supply air to the thermactor system. 

2. Exhaust Gas (/ Directs blowby gases into the engine air inlet. 
Recirculation EE" NN 4 Is used to store fuel vapors. 

3. Positive Crankcase ^ Routes fuel vapors from the fuel tank in an evap 
Ventilation system. 

4. Conventional Catalytic E ‚ Features a front catalyst of rhodium and platinum. 
Converter ai Е / Controls only two of the three exhaust emissions. 

5. Three Way (Dual) . This system sometimes directs air into a three-way 
Catalytic Converter — oF catalytic converter. 

6. Air Pump И. Informs the ЕСА of oxygen content іп the exhaust. 

7. Carbon Canister __(L {ty Sometimes directs exhaust gases into the engine 

8. Vapor Line D air inlet. 

9. Oxygen Sensor _H — 
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